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Editorial 


An Absence of Engineers 


Looking back over the makeup of the numerous boards created 
by the Government during the war to handle labor disputes and 
the more recent fact-finding committees appointed to deal with 
the current epidemic of strikes, one finds almost invariably, that 
the members selected to represent the public’s interest have been 
drawn from the legal profession or college faculties. The absence 
of engineers is marked. Yet it would seem that an engineering 
approach to such problems might be most helpful. 

The engineering profession has long been criticized, from 
within, for its failure, individually and collectively, to take a more 
active part in affairs of public concern. While it has achieved 
high prestige and recognition from the Government and the 
general public in the technical field, and this was further enhanced 
by its contribution to the war effort, engineers are usually passed 
over when the broader social or economic problems come up for 
consideration. 

It may be that, on the subject of labor relations, Government 
officials are inclined to regard engineers as imbued with the man- 
agement viewpoint; but surely there are enough unattached engi- 
neers of recognized independence from among whom selections 
could be made to insure impartial consideration. It is believed that 
the public’s interest would be as safe in their hands as in the hands 
of lawyers and professors, and that the analytical approach, char- 
acteristic of engineering training, would offer a constructive solu- 
tion in many cases. 


Educational Facilities Taxed 


Indications are that schools and colleges throughout the country 
will begin the second semester with enrollments taxing their 
capacity. This is due in part to the many returning veterans 
exercising their educational privileges under the G.I. Bill of 
Rights, and in part to the pent-up demand for higher education 
among the younger folks, including girls, which could not be satis- 
fied during the war or which was deferred by opportunities for 
highly remunerative employment without experience during that 
period. Also, with the return of veterans ahead of schedule, 
many who wish to continue their education are finding it difficult 
to find accommodations in their chosen courses. 

The situation is likely to become still more acute before the fall 
semester when most of the veterans now overseas will have re- 
turned to this country. 

It is unfortunate that the present unsettled conditions have 
sprung up, delaying a return to anticipated peacetime production 
and its dependent activities, which could have absorbed the ser- 
vices of those awaiting favorable action on their enrollment applica- 
tions. 
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STEAM-JET EJECTORS— 
Their Selection and Operation 


The steam-jet ejector isa vacuum pump 
used to evacuate many types of equip- 
ment. Its application to condensing-type 
steam turbines is discussed in this article. 
It is universally used as the most eco- 
nomical form of vacuum pump for re- 
moving the air and entrained vapor from 
condensers serving steam turbines be- 
cause of its simple, compact arrangement 
and the absence of moving parts. 


exhausted from steam turbines, to produce a 

vacuum, and maintain the lowest economical 
exhaust back pressure. The steam condenses when 
contacting the cold condensing surfaces thus reducing 
the pressure below the surrounding atmosphere. This 
differential pressure induces atmospheric air leakage 
through glands, joints, etc. Other noncondensable 
gases may also enter with the steam from the boilers, 
but this quantity is negligible with modern feedwater 
treating equipment. The total amount of noncon- 
densable gases discharged from the after-condenser and 
measured by an air meter is generally spoken of as air 
leakage. Noncondensable gases are poor conductors of 
heat and if not removed will accumulate to blanket the 
condensing surfaces, thereby preventing the steam from 
condensing and thus decreasing the amount of vacuum 
obtainable or preventing it altogether. It is impossible 
to maintain an absolutely tight system; hence, some 
means must be provided for removing any air that may 
enter the system. For this purpose steam-jet ejectors 
are commonly employed. 

Proper application is based upon consideration of the 
actual performance conditions that are to be met and a 
thorough understanding of the performance character- 
istics of the various types of ejectors. The type of 
equipment to be evacuated, including its size, amount 
of steam to be condensed and the various operating 
conditions to be expected, must first be known. Then in 
order to select and design the proper ejector, it is neces- 
sary to know the desired operating range of pressure in 
the equipment to be evacuated, the amount of air leak- 
age into the system, the quantity and maximum tem- 
perature of circulating water to be used in the inter- and 
after-condensers, the motive steam pressure and tem- 
perature available, and the back pressure against which 
the ejector is to operate. 

The operating pressure within the system to be evacu- 
ated is generally designated as inches Hg absolute pres- 
sure, because this value is used in calculating the per- 
formance characteristics of vacuum equipment. This 
pressure is measured directly by an absolute pressure 
gage or indirectly by a vacuum gage of the mercury 
column or U-tube type and a barometer. The vacuum 


: exhausted re are used to condense the steam 
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gage indicates the vacuum as inches of mercury below the 
surrounding atmospheric pressure. The absolute pres- 
sure is determined by subtracting the vacuum reading 
from the barometric pressure at the same elevation, 
If it is desired to express the vacuum in inches of mer- 
cury, referred to a 30-in. barometer, it is necessary to 
subtract the absolute pressure from 30 inches Hg ab- 
solute. 

Air leakage is an uncertain quantity and its determina- 
tion for design use is based upon data accumulated from 





Fig. 1—Single-stage steam-jet ejector 


experience with similar equipment. This quantity 
expressed in pounds per hour is used to calculate the 
capacity performance characteristic of the ejector. Ai 
leakage expressed in cubic feet per minute of free dry 
atmospheric air at 70 F and 29.92 in. Hg absolute pres 
sure should be multiplied by 4.5 to convert it into pounds 
per hour. In other words, one cubic foot per minute o 
air flow at the preceding temperature and pressure 
equivalent to 4.5 lb per hr air flow. 
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The quantity and temperature of the circulating 
water flowing through the inter- and after-condensers of 
condensing-type ejectors are determined by the expected 
operating cycle. This water is usually condensate with 
temperature and quantity fixed by the condenser design. 
If raw water is used, its maximum temperature should be 
known. Usually this is the same as the circulating 
water to the main condensing equipment. 

The motive steam is generally taken from the main 
steam supply to the turbine or engine. This steam may 
be used directly by the ejector or, if the initial pressure 
is too high for the ejector design, it may be reduced 
through orifices and flow control valves to the proper 
ejector design pressure. If a low-pressure steam supply 
is available, it may be desirable to use this directly by 
the ejector rather than to throttle down from a very high 
pressure. The minimum and maximum pressure and 
temperature of the steam supply must be known to 
properly design the ejector nozzles. Superheat at the 
ejectors is desirable since it assures drier steam to pre- 
vent erosion of parts and provides for stable performance. 

Back pressure against which ejectors operate is gener- 
ally atmospheric pressure. If higher than atmospheric, 
the maximum pressure to be encountered must be known 
so the ejector can be designed to discharge against it by 
increasing the steam consumption. 


General Description 


The steam jet ejector operates on a kinetic principle 
utilizing the momentum of the motive steam, the energy 
of which is converted by expansion through a nozzle, into 
a high velocity jet, which entrains and accelerates the 
medium in the suction chamber. The mixture is directed 
into a diffuser designed to provide a self-compression of 
the high velocity mixture to a static pressure greater 
than exists at the ejector suction. Thus a vacuum is 
produced and maintained in the closed system from 
which the ejector takes suction: 

A standard basic assembly consists of the following: 


ec a cast steel 

I es wegrera ae trac ola fataacds eeieceiae uk stainless steel 
rT eT ee ee eee stainless steel 
I CEE. a ca sida ead de bianwenw ewer cast iron 

elo tra cana kee a va wR bronze 

Diffuser discharge tail piece.................. cast iron or bronze 


This ejector may discharge into a condenser of the 
direct or indirect type where its motive steam is con- 
densed. The standard materials of these condensers 
consist of the following: 


Condenser bodies.......... cast iron or steel plate 

Surface condenser tubes. ...Muntz or inhibited Admiralty metal. 
(condensate flow These tubes are expanded at both 
through tubes) ends into the tube sheets. 


Special tube materials may be required if raw water 
is used instead of condensate. The material required 
will depend upon the corrosive characteristics of the 
water. 

Steam-jet ejectors are built upon a thorough back- 
ground of engineering development, testing and operat- 
ing experience. Application to any specific job is based 
upon complete consideration of the actual performance 
conditions to be encountered and each ejector is given a 
shop test to closely simulate these operating conditions 
Prior to its final installation. Stable and dependable 
performance is assured regardless of the number of 
Stages used. Ejectors of the multiple-stage type are 
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capable of maintaining higher vacuum and require less 
steam than the single-stage type. 

Ejectors may be of the condensing or noncondensing 
type. The steam consumption of single-stage ejectors 
is the same whether they be of the condensing or non- 
condensing type. Steam consumption of multiple-stage 
ejectors can be decreased by using an inter-condenser 
between stages to condense the motive steam. Con- 
densers may be of the direct or indirect type. The in- 
direct surface type is recommended for most power plant 
service. Condensate from the main condenser is used as 
the condensing water to recover practically all of the heat 
content of the motive steam, and its condensate is re- 
claimed by draining it back to the main condenser 
through a loop seal or trap. 

A description of the various types of ejectors and 
factors which determine the proper application of 
each to specific service conditions follows. 

The single-stage ejector (Fig. 1) is a basic assembly 
designed to operate at a suction pressure below at- 
mospheric and compress in one stage directly to a dis- 
charge pressure of one atmosphere or more. These ejec- 





Fig. 2—Two-stage twin-element steam-jet ejector with 
separate inter- and after-surface condensers 


tors may be used for suction pressures down to 31/¢ in. 
Hg absolute and to serve condensers of small capacity. 
Normally, they are designed for motive steam pressures 
from 70 to 400 psig. 

This ejector may discharge directly to atmosphere or 
to an after-condenser which condenses the motive steam. 
The after-condenser will not improve single-stage ejector 
efficiency, but it is used to conserve the heat and con- 
densate of the motive steam or to eliminate the nuisance 
of discharged vapor. 

The priming ejector is a single-stage ejector, usually 
of the noncondensing type, having large air removal 
capacity at relatively low vacuum. It is used to assist 
the normal ejector equipment in the initial evacuation of 
vacuum systems to provide for quick starting. Econ- 
omy is not a factor, because this unit is operated for a 
short time only during the initial starting period. In 
addition to evacuating the vacuum system, this type of 
ejector may also be designed to prime pumps and hy- 
draulic systems. 
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The gland-seal ejector is of the single-stage type. It is 
used to maintain a low vacuum of a few inches of water 
at the gland seals of steam turbines, valves, etc., to pre- 
vent leakage of steam to atmosphere. Pre-condensers 
can be used to condense the gland steam before entering 
the ejector suction chamber, thereby reducing the ejector 
load. After-condensers are used to condense the steam 
discharged from the ejector. Steam at pressures down 
to 10 psig may be used because the steam consumption of 
such ejectors is low and, if designed for high-pressure 
steam, the nozzle throat becomes very small. 

The multiple-stage ejector consists of two or more 
basic assemblies arranged in series. Dividing the total 
compression among several stages is more efficient than 
completing it all in one stage. The first stage takes suc- 
tion at the highest vacuum desired and the final stage 
discharges to atmospheric pressure or greater. By utiliz- 
ing an inter-condenser between stages to condense the 
motive steam from the ejector nozzles, the weight and 
volume of vapor to be pumped by the next stage are re- 
duced, thereby reducing the size and overall steam con- 
sumption. 

The two-stage condensing type ejector (Fig. 2) with 
inter- and after-condensers is normally used as the stand- 
ard equipment for condenser service for pressures down 
to one inch Hg absolute. The motive steam pressure 
generally ranges from about 70 to 350 psig. 

The two-stage noncondensing ejector, minus inter- 
condenser, with an after-condenser to conserve the 
motive steam condensate and heat has a greater steam 
consumption than the normal two-stage condensing 
type, but may be used to replace single-stage ejectors 
to serve condensers of smaller capacities. This type 
has higher capacity and less steam consumption than the 
single-stage type and has the same simple piping arrange- 
ment. 

The three-stage ejector is used for pressures down to 
0.5 in. Hg absolute or to replace two-stage equipment 
where reduced steam consumption is desirable. Two 
inter-condensers and one after-condenser are generally 
used. The first inter-condenser condenses steam from 
the first-stage ejector and the second condenses the 
steam from the second stage. The motive steam pres- 
sure ranges from about 70 to 350 psig. 

Raw water may be used where no conservation of 
heat is desired or for special starting arrangement of 
standard equipment where the condensate quantity is 
insufficient or its temperature too high. Reduced tem- 
perature of circulating water flow through the inter- 
condensers will increase the overload capacity of multi- 
ple-stage condensing-type ejectors. This reduces the 
amount of saturated vapor entrained with the air to the 
following stage ejector suction, enabling it to produce a 
lower pressure in the inter-condenser because of its 
reduced load. The back pressure against which the 
previous stage must compress is thus reduced. 

For a given steam consumption, the capacity of an 
ejector will be greater if designed for the higher pressure 
range due to the increased amount of available energy in 
the higher pressure steam. Consequently, the higher 
pressures are desirable. 

The fundamental efficiency of an ejector decreases 
with increased pressures due to a lower entrainment 
efficiency at the higher velocities. But this reduced 
efficiency is negligible compared to the larger increase 
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of available energy in the higher pressure steam. The 
maximum desirable steam pressure for an ejector js 
mainly determined by the size of the nozzle throat. 
Ejectors of low capacity and steam flow are designed for 
the lower motive steam pressures in order to provide for 
larger nozzle throats which are not so easily clogged with 
scale and dirt. 

Higher or lower steam pressures than indicated may be 
used when desired. However, no economy will result 
from using pressures greater than those indicated. Large 
size priming ejectors are sometimes designed for ful} 
boiler main steam pressure to eliminate the use of steam- 
flow control valves. 


Performance Characteristics 


The final stage of a multiple-stage ejector unit is 
designed in accordance with the single-stage character- 
istics. The second stage of a two-stage condensing- 
type ejector is designed for about 4 to 6 in. Hg absolute 
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Fig. 3—Characteristics of single-stage steam-jet ejectors 


pressure in the suction chamber and should be stable at a 
dead-end suction when compressing against existing 
back pressure. A definite quantity of steam flow is 
required to produce sufficient momentum in the diffuser 
throat to maintain proper vacuum in the suction chamber 
and to operate against the existing back pressure. If 
the back pressure is increased, it will be necessary to 
increase the momentum in the diffuser by increasing the 
steam consumption. 

As shown in Fig. 3 the solid line curve represents the 
characteristic performance of a single-stage ejector de- 
signed for stable operation at a dead-end suction whet 
compressing against atmospheric back pressure. As the 
capacity or load to the suction chamber increases, the 
pressure in the suction chamber increases and the ejector 
is able to operate against a back pressure considerably 
greater than atmospheric pressute. If the ejector wert 
never expected to operate with reduced capacity neal 
dead end, this design would represent a waste of steatl 
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Fig. 4—Dry-air performance of single-stage steam-jet 
ejector 


flow. However, most ejectors serving steam condensers 
may be required at times to operate with extremely small 
quantities of air leakage approaching the dead-end 
condition. Therefore, to assure stable performance 
throughout the entire capacity range, it is necessary to 
provide sufficient steam flow for stable dead-end opera- 
tion. 

The dashed line in Fig. 3 shows the effect of decreasing 
the steam flow for maximum economy, assuming that the 
minimum capacity will never be reduced below the point 
where the ejector can just operate against atmospheric 
pressure. Should the atmospheric pressure increase, or 
the capacity decrease, the ejector suction would break 
with a sudden increase of pressure in the suction chamber 
as shown by the curve. It would then be necessary to 
increase the steam flow by increasing the steam pressure 
or size of nozzle throat. 

The dotted curve shows the performance of an ejector 
with a clogged nozzle or reduced steam pressure. This 
has insufficient steam flow to enable it to compress 
against the existing back pressure. 

Once an ejector is operating properly against the 
existing atmospheric pressure, its capacity will be reduced 
along the high vacuum end of the characteristic capacity 
curve, if the steam pressure is increased. The capacity 
will increase at the low vacuum end of the curve. This 
characteristic and the cross-over point will depend upon 
the ejector design. 

The dry air capacity of the second stage of a two-stage 
ejector can be approximated from the curves in Fig. 4. 
These curves are based upon the performance of an 
ejector designed for stable operation at dead-end suction 
when compressing against standard atmospheric back 
pressure. Due to the increased amount of available 
energy in the higher pressure steam, the capacity of this 
ejector will be greater if designed for the higher pressure 
steam as indicated by these curves. 

_ The characteristic performance of a steam-jet ejector 
issuch that its capacity will vary with the properties of 
the substance being handled. Its capacity will be less 
than the dry-air capacity if it is handling vapor or a mix- 
ture of air and vapor. The vapor capacity or air-vapor 
mixture capacity of an ejector may be approximated 
from the dry-air capacity by using the capacity factors 
shown in Fig. 5. This curve is recommended for use 
with the characteristic performance curve of an injector 
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operating against a back pressure equal to or less than 
the initial design back pressure. 

The pressure in the inter-condenser of a two-stage 
steam-jet ejector is determined by the second-stage 
ejector capacity, the circulating water temperature, and 
the performance characteristics of the inter-condenser. 

The second-stage ejector of a two-stage condensing- 
type ejector unit will have a definite characteristic dry- 
air capacity curve as determined by a dry-air perform- 
ance test. This curve shows the absolute pressure that 
may be maintained in its suction chamber with varying 
quantities of air. The pressure in the suction chamber 
increases with an increased quantity of air. If no steam 
were entering the inter-condenser, the pressure in the 
condenser would correspond exactly with the dry-air 
performance curve. 

But in actual operation, steam from the equipment 
being evacuated, plus motive steam from the first-stage 
ejector, will enter the inter-condenser and the air will be 
saturated with vapor. Thus the second-stage ejector 
load will be increased. The colder the circulating water 
and the greater the inter-condenser surface, the greater 
the amount of vapor condensed and the closer the load 
to free dry air. But as the water temperature increases, 
less of the vapors condense and the load to the second- 
stage ejector increases with a corresponding increase of 
inter-condenser pressure. Thus with warm water, the 
air-handling capacity of the ejector at a definite pressure 
will be only a fraction of the dry-air capacity curve. 
Pressure in the inter-condenser will therefore depend 
upon the water temperature, the condenser design, and 
the ejector capacity. 

Pressure in the inter-condenser may be conveniently 
approximated from the second-stage dry-air capacity, 
Fig. 4, as a function of inlet water temperature by using 
a curve similar to those in Fig. 6. Such a curve is based 
upon a circulating water temperature rise of 5 deg F and 
must be determined from actual test performance data 
taking into consideration the condenser loading and 
design. 

To use such a curve, determine the second-stage dry- 
air capacity at a definite pressure, multiply it by the 
capacity factor at this pressure and the desired water 
temperature. The result will be the air-handling ca- 
pacity of the inter-condenser and second-stage ejector 
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PER CENT AIR IN MIXTURE 


Fig. 5—Saturated air water-vapor mixture capacity of a 
steam-jet injector based upon a dry air capacity factor of 1 
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Fig. 6—Curves for approximating pressure in inter-con- 
denser from the second-stage dry-air capacity 


combination. The second-stage air-handling capacity 
may be determined for a series of pressures at different 
water temperatures, and plotted to show the pressure 
in the inter-condenser with varying amounts of air leak- 
age and different circulating water temperatures. 

These curves are used to determine the pressure 
against which the first-stage ejector must operate. As 
the water temperature or air leakage increases, the 
pressure in the inter-condenser will also increase. This 
means a corresponding increase of the first-stage ejector 
steam consumption which must be great enough to 
enable it to compress against the highest pressure ex- 
pected in the inter-condenser. 


First-Stage and Performance Characteristics of Complete 
Two-Stage Ejector Assembly 


The first stage of a two-stage ejector takes suction 
from the main condenser and discharges into the inter- 
condenser. The characteristic performance of this 
ejector is based upon the same principles as the single 
stage. But this ejector is designed to discharge to a low 
back pressure, usually about 4 to 6 in. Hg absolute. 
The steam consumption will depend upon the size, or 
capacity, and the maximum back pressure against which 
it is designed to operate. 

This ejector will handle the dry air entering the equip- 
ment being evacuated, plus the associated vapors. The 
quantity of vapor will generally be much greater than the 
quantity of air. The ejector design is based upon a 
saturated air-vapor mixture at 71/2, deg F depression. 
For convenience in approximating performance data, this 
mixture is assumed to consist of 30 per cent dry air plus 
70 per cent saturated vapor at 71/2 deg F below the 
saturated temperature corresponding to the pressure in 
the suction chamber. The actual saturation factor is 
not constant and will vary with pressure. 

The percentage of air in the mixture at different pres- 
sures is shown by the curve in Fig. 7. This is based 
upon Dalton’s law. Air-vapor mixture data for other 
temperatures and pressures may be obtained from en- 
gineering handbooks. 

Under actual operating conditions, the air leakage is 
reduced to a minimum. Therefore, the ejector will be 
handling very little air and practically all vapor. Ata 
given operating pressure, assuming there is no air leak- 
age, the ejector will handle all vapor, the quantity being 
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equivalent to the ejector capacity at this pressure. This 
would correspond to zero temperature depression, which 
would never be expected in actual service. Normally, 
the actual temperature depression will be very low and 
difficult to measure as it will be much less than the ejee. 
tor design basis of 7'/: deg F depression. 

Fig. 8 has been plotted from data based upon Dalton’s 
law to show the pounds of vapor per pound of dry air 
for various temperature depressions. These curves are 
also based upon 1, 2 and 3 in. Hg absolute, because the 
normal operating pressure in the first-stage ejector will 
range between 0.5 to 3.5in. Hg absolute. 

The capacity curve based upon 7!/, deg F depression 
is generally known from the ejector shop performance 
test. The performance at the actual operating condi- 
tion of smaller temperature depression may be approxi- 
mated from Fig. 5 or a similar curve showing capacity 
factor plotted against temperature depression at one 
inch Hg absolute pressure. It may be more convenient 
to use for the normal operating pressure range of the 
first-stage ejector. 

It may also be found more convenient to base these 
calculations on a characteristic vapor capacity curve 
for certain installations. This curve can be obtained 
from tests by passing known increments of vapor into 
the suction chamber and plotting the increased suction 
pressure against the increased vapor capacity. It can 
be approximated by the manufacturer from calculations 
based upon the design of the ejector. 

The characteristic design performance of a two-stage 
steam-jet ejector with a surface-type inter-condenser is 
shown by curves in Fig. 9. This performance is de- 
termined by the size and steam consumption of the first- 
and second-stage ejectors, the steam pressure and tem- 
perature, circulating water quantity and temperature, 
and the design of the inter-condenser. 

The maximum back pressure against which the second- 
stage ejector may operate and pick up its vacuum to the 
characteristic suction curve is shown as well as its dry 
air capacity at various pressures in the suction chamber. 

The pressure in the inter-condenser is shown for dif- 
ferent temperatures of circulating water and air leak- 
age. As the water temperature increases, the pressure 
in the inter-condenser also increases. The quantity of 
circulating water was constant and indicated a tempera: 
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Fig. 7—Saturated air-vapor mixture at 7.5 deg F' depression 
below the saturation temperature corresponding to the 
pressure 
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This the condenser. For convenience in selecting the most 
hich A economical size ejector to serve condensers operating be- 
ally, . w  tweenlto 3.5 in. Hg absolute pressure, the design pressure 
ond g has been established as one inch Hg absolute.- The 
eles. z ejector capacity at this pressure is based upon the speci- 
2 | Ses D fied amount of air saturated with vapor at 71.5 F cor- 
ton’s a st ~ responding to a temperature depression of 7!/. deg F 
y air z SSE252222252 bs below the saturated steam temperature of 79 F at one 
om ui He » ich Hg absolute pressure. 
@ the w Ssassesstsseizit e The most economical two-stage condensing type 
> will 5° SS Per en ttia < ejector capacity for various condenser capacities has 
3. SSB Tits re been established as tabulated below, the air-vapor mix- 
ssion a |, wo ture based on 30 per cent air and 70 per cent vapor. 
tl - see 
lance 4 se = neo = = e i a oe ae Design capacity at 
ondi- POUNDS OF WATER VAPOR PER LB OF AIR conan te tiaien Steam 
rox oe | Seoeest, “Skeee Saget’ «peri 
acity | Fig- 8—Saturated a ~~ hn ll mixture data based on a pod aa paps te 
; one 15.000 13 30.8 159 
nient 20,000 12.6 42.0 168 
; 25,000 13.5 45.0 180 
f the | ture rise of approximately 2.5 deg F at the design ca- 30,008 1a 48.0 192 
pacity. Although the quantity of motive steam was con- 40,000 15.8 52.5 210 
these } stant, the temperature rise was not constant because it $0,000 int 370 228 
curve | increased with the vapor capacity of the first stage at taneee oy + & Hi 
ained } higher suction pressures. Hap en = are ae 
r into Steam consumption of the first stage was sufficient to 380,000 45.0 150.0 600 
iction | enable it to compress to a back pressure curve as shown. 600,000 60.8 202.5 810 
t can} With an inter-condenser pressure equal to or less than ***"* _ 240.0 960 
ations | this design back pressure, the first-stage suction pressure The steam consumption of three-stage condensing- 


did not deviate one way or the other from its character- type steam-jet ejectors designed for the above pressures 


“stage F istic curve. But as the water temperature and air leak- and capacities will be 90 per cent of the tabulated steam 
ser 18 | age increased sufficiently to increase the inter-condenser consumption for two-stage ejectors. 


is de-}) pressure above the first-stage design back-pressure The detrimental effect of air leakage in hindering heat 
> first-}) curve, the first-stage suction broke and caused it to transfer rate and increasing the condenser pressure is 
| tem- | follow a new capacity curve at pressures above those of realized so that every precaution is taken to reduce it to a 
ature, the characteristic curve. minimum. In a properly tightened system the air 


The first-stage capacity curve was based upon the dry Jeakage should be less than shown in the tabulation. 


econd- |) air being saturated with vapor at 71/, deg F below the The leakage normally ranges from about 10 to 30 per 
to the} saturation temperature corresponding to the pressure cent of that shown. 


ts dry) in the first-stage suction chamber. The first stage was Air leakage into a condensing bleeder turbine system 
unber. }) thus handling the dry air plus the associated vapor. is uncertain and may increase with a decrease in the tur- 
or dif} Circulating water flowing through the inter-condenser ine load. The rate of air leakage increase will depend 


- leak-} is usually condensate, the temperature of which corre- to a great extent upon the number of feedwater heaters 
‘essuft {| sponds to the pressure in the condenser. Thus as the operating at pressures below the surrounding atmosphere 
tity of} pressure in the first-stage suction chamber increases, the at the various points in the operating load range. Since 
npera:f temperature of the circulating water will increase. the pressure of bled steam varies with the throttle flow, 
The solid line curve was plotted to show the performance at any given load a definite pressure will exist in each 
of this ejector with condensate as the circulating water. stage. These pressures are higher at increased loads 
| | The performance curves illustrated by Fig. 9 are and lower at decreased loads. Thus a varying amount 
typical of a two-stage ejector designed for power plant of piping and fittings will be operating under vacuum at 
| [ Service. The actual air leakage to be handled by the various turbine loads. As the load increases, the pres- 
|_| | ‘lector will generally be much less than that shown.by sure in each heater increases. When the pressure in- 
|| p the ejector design. The actual operating pressure in creases to atmospheric or greater in each heater, the air 


— | the inter-condenser may also be considerably less than leakage is reduced to zero into this heater system. 
|_| the design back pressure of the first-stage ejector. Ac- 


tual operating compression ratio may thus be less than Effect of Ejector Capacity Upon Pressure at Inlet of a 
the design compression ratio, but this is desirable to Surface Condenser 
|—| — Provide for reserve capacity and assure stability for 


Air leakage into a surface condenser increases the 
| — ‘mergency service conditions. 


operating pressure. The rate of pressure increase will 
depend upon the rate of air leakage, the operating condi- 
tions, the design characteristics of the condenser design, 
—_ Steam-jet ejectors for surface condensers serving and the capacity of the ejector. Up to the design ca- 
steam turbines are designed for an air leakage greater pacity of the standard ejector the effect of air leakage to 
than the maximum air leakage expected in acompletely increase the turbine exhaust pressure is small. The 
oe tight system. The ejector capacity must be sufficient maximum increase of pressure may be approximated 
to handle this air leakage plus the associated vapors from by knowing the characteristic performance of the ejector 


i Air Leakage and Steam-Jet Ejector Capacity 
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equipment. This determination may be used to analyze 
the economic desirability of increasing ejector capacity 
to reduce the condenser operating pressure. 

Up to an air leakage equivalent to the standard two- 
stage ejector design as tabulated, the ratio of air to 
steam entering the condenser is very small. The tem- 
perature depression and corresponding pressure tension 
are extremely small and could not be measured by pres- 
ent methods to indicate the presence of the air. But at 
the ejector the amount of air per pound of steam may be 
large enough to be indicated by temperature readings 
provided proper care has been taken in placing the ther- 
mometer for accurate measurement. The temperature 
depression if accurately measured will be the same as 
calculated by Dalton’s law from the air leakage and the 
ejector capacity at the same pressure. The amount of 
air can be measured by an air meter and the ejector 
capacity may be approximated or determined from 
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leakage. Under actual operation in the final installa. 
tion, the actual temperature depression will be very 
small and difficult to measure because the normal air 
leakage into a properly maintained system will be only g 
small fraction of the ejector design air capacity. Also, 
the actual operating pressure may be greater than the 
ejector design pressure which further increases the sat- 
uration factor due to the increased vapor capacity at the 
higher pressure, assuming constant air leakage, and de- 
creases the temperature depression at the ejector suc- 
tion. 

The ejector will handle its full capacity corresponding 
to whatever pressure exists in its suction chamber. If 
the air leakage is low the difference will consist of vapor, 
Thus with a low air leakage the amount of vapor or sat- 
uration will be much greater than that established for 
the ejector design. If the air leakage were reduced to 
zero the ejector would be handling its full vapor capacity 












































INCHES HG ABSOLUTE 











PRESSURE, 





| | | ] 
10 12 16 
CAPACITY - 





14 


DRY AIR, POUNDS PER HOU 


test. Knowing the ejector capacity the total pounds of 
vapor per pound of air may be determined. From this 
saturation factor at the operating pressure in the ejector 
suction chamber the equivalent temperature depression 
and pressure tension may be calculated. The pressure 
increase at the condenser inlet will not be as great as this 
pressure tension but for the average condenser installa- 
tion will be approximately one-half or less than this 
figure depending upon the condenser design and operat- 
ing conditions. Thus the pressure depression at the 
ejector suction may be used as an indication to deter- 
mine the effect of the ejector capacity upon the condenser 
inlet pressure as its effect is reflected back through the 
condenser system. For approximating the maximum 
increase of condenser pressure due to ejector capacity it 
will be safe to use one-half of the calculated pressure ten- 
sion as the maximum increase of condenser inlet pres- 
sure. 

A standard two-stage ejector is designed and tested 
on the basis of an air-vapor mixture at 71/, deg F depres- 
sion as previously indicated. This is done for conven- 
ience of selecting and designing the most economical 
ejector having sufficient excess capacity to assure stable 
performance under unexpected conditions of excess air 
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Fig. 9—Performance curves of two-stage 
steam-jet ejector with surface-type in- 
ter- and after-condensers, based on dry 
air saturated with vapor at 7.5 deg de- 
pression below the saturation tempera- 
| ture corresponding to pressure in the 
-stage suction chamber 
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and the vapor temperature should correspond to the 
saturated steam temperature at the pressure measured 
in the ejector suction, assuming that the thermometer is 
not affected by heat conducted back from the hot steam 
chest or subject to other effects of radiation and heat 
conducted from the surrounding atmosphere. If this 
temperature is to be measured a thorough consideration 
of the proper location of the thermometer must be made 
to prevent false indications. A low temperature de- 
pression, if measured, would be very desirable because 
it indicates proper operation of the vacuum system indi- 
cating that air leakage is under control. 

If there were no air leakage into a condenser system, 
no ejector would be required as there could be no pres 
sure tension due to the air. In an actual condensef 
there is always air leakage and a pressure tension due t0 
this air increasing the actual operating pressure. By 
increasing the ejector capacity the actual pressure tet 
sion may be reduced due to the increased vapor-handling 
capacity above the existing air leakage. Thus it would 
be possible to approach the ideal condition of no ai 
leakage by reducing the pressure tension in the ejecto! 
suction. The maximum size and cost of ejector equip 
ment would be determined by the improved water ratt 
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lla- | resulting from the reduced turbine back pressure. The 
ery }, maximum condenser pressure reduction for different 
air | ejector capacities may be calculated as shown in order 
lyaf to make an analysis of the most economical size of 
Iso, |) ejector to serve a given steam turbine installation. 
the Minimum capacity recommended for a single-stage 
sat- | steam-jet ejector designed for priming surface condensers 
the | is shown in Fig. 8. 
de- Determination of the ejector capacity required to 
suc- | evacuate a vacuum system within a certain length of 
time may be rather uncertain because of the possible 
ding | variation of air leakage into different systems. Assum- 
If | ing that the system to be evacuated is properly main- 
por. 
sat- 30 = 
lio | Rae | | 
d to - 28 — = 
ah eee STEAM FLOW, LB/HR = | 
r UNIT TIME MINUTES x VOLUME CUFT. | 
S 2 TIME IN MINUTES FOR EVACUATION 
I 
S 22 TIME IN MINUTES FOR EVACUATION = 
| UNIT TIME MINUTES x VOLUME CU. FT. 
~ 20 STEAM FLOW, LB/HR 4 
W 
@m '8 a n Ee 
a = 
aq; 
r 6 = = a 2 
stage \ | 
e in- 14 | i 
n dry 2 
g de- © 2 
pera: ra 
n the oO \ 
> '0 —— +— 
” NI 
Nene eae ee 
Pe 
w § Wt Nt 
m3 a I 
a ¢ pe 
2) | |  — 
Ww 2 |_| | 
ery Trryyi 
0) Satara 
19] | 2 3 4 5 6 7 8 9 10 
o the UNIT TIME - MINUTES TO EVACUATE 100 CU. FT. 
sured PER 100 LB/HR STEAM FLOW 
ter is F. 
tons Fig. 10—Characteristic of single-stage ejector designed for 
5 priming surface condensers 
| heat 
f thisp 
ration Ptained, the air leakage should be small. The steam con- 
made f84mption and time required to evacuate a given volume 
-e de- Pmay be estimated from Fig. 10. This curve is intended 
cause Pr use down to 3in. Hg absolute pressure in steam power 
1 indi- Plant surface condenser equipment. The ejector is de- 
iigned for stable operation at a dead-end suction pres- 
ystem, f8ure of approximately 2 in. Hg absolute. 
) pres er ‘ 
scale Variation of Vacuum Due to Improper Operation of Steam- 
due to Jet Ejector Equipment 
:. By A motive steam flow different from the design steam 


e te: PNsumption will affect the performance of steam-jet 
ndling Flector equipment. A serious decrease of steam flow 
would Bll be indicated by an unstable or a large drop in vac- 
no aif Pum. Such a decrease may be caused by the following: 
ejectot ff 1. The motive steam supply may be different from 
equip Me design conditions. A lower steam pressure or a 
er rateMgher superheat will decrease the amount of motive 
rriovNPOMBUSTION—January 1946 


steam supplied. Seriously wet steam will cause a fluc- 
tuation of vacuum. 

2. The steam strainer may be clogged and cause a re- 
duced steam pressure at the nozzle. The strainer should 
be thoroughly cleaned. 

3. The steam nozzle may be dirty or coated with 
scale. It may be cleaned by soaking in kerosene, blow- 
ing out with steam or air and scraping with a stick. 
The nozzle inlet radius and throat may be polished by 
passing a heavy string or strip of fine emery cloth through 
the throat and holding each end tightly, pulling it back 
and forth over the surfaces until well polished; but one 
should be careful not to enlarge the throat diameter 
since this would cause an uneconomical increase of steam 
flow. 

4. The steam nozzle position may be critical and 
must be maintained by reassembling with the same 
thickness of gaskets and spacers as originally supplied. 

Improper drainage of the condensate from the inter- 
condenser will also affect the performance of steam-jet 
ejector equipment. This will cause a fluctuation of 
vacuum. The accumulation of condensate in the lower 
portion of the condenser may be indicated by a notice- 
ably cold lower portion of the shell and a hotter upper 
portion, 

Improper drainage may be caused by dirty drain lines, 
air leakage on the ejector side of the inter-condenser drain 
loop seal or trap, a leaky circulating water tube or im- 
properly operating drain traps. 

A convenient method of checking the performance 
stability of the second stage of a two-stage condensing- 
type steam-jet ejector to determine its minimum operat- 
ing steam pressure under actual installed conditions or 
to indicate a dirty nozzle is.as follows: 

It is assumed that the ejector is designed for stable 
performance at dead-end suction. 

Install a vacuum gage on the suction chamber and a 
pressure gage on the steam chest. To get a true picture 
of ejector performance it is also necessary to know the 
steam temperature if considerable superheat is possible. 
This is not absolutely necessary for a rough check if the 
main supply steam condition is up to normal tempera- 
ture and pressure, and if the piping from the main to the 
ejector is insulated and properly warmed. 

With the ejector suction valve closed and the steam 
supply condition up to normal, throttle the second-stage 
steam pressure until a sudden drop in vacuum is noted 
or until the steam pressure is considerably below the 
ejector design pressure. Open the steam valve slowly 
and observe the vacuum. As the steam pressure is in- 
creased note the gradual increase of vacuum until it 
suddenly picks up to a maximum which should corre- 
spond to approximately one or two inches of mercury, 
absolute pressure. At the point of sudden increase in 
vacuum record the steam pressure and consider it as the 
minimum operating pressure with whatever superheat 
exists. A further increase of steam pressure will cause a 
gradual drop in vacuum or a decrease in pressure will 
cause a gradual increase of vacuum until the vacuum 
suddenly breaks. If these characteristics do not occur, 
especially if the vacuum does not pick up with an in- 
crease of steam pressure up to the design pressure, the 
ejector is not operating properly. It will then be neces- 
sary to remove the nozzle and strainer to remove thor- 
oughly all dirt and scale. 
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te ODAY’s answer to how to get correct, economical speed 
“ control for boiler draft fans is the E-M Magnetic [ 
Drive. A compact, electro-magnetic torque-transmitting 
device,the Magnetic Drive is installed between a constant. 
speed motor and the fan, and operates in combination 
with automatic boiler draft control. 


ihe SR at a 


The result: precise, quick-response, adjustable speed of } 
boiler draft fans from maximum speed down to 10% of F 
motor speed. 

The Magnetic Drive permits the fan to be operated at 
minimum speed for given output, reducing fan wear due } 
to erosion, lowering power consumption and operating 4 
costs. Simple in construction, the Magnetic Drive uses 
no fluids which may produce dirt or fire hazards, requires 
no vane control of fans You get quick speed response, 
over the wide range of speeds. The Magnetic Drive is as | 
ruggedly built and as dependable as a motor. See your | 
E-M field engineer now about this newer, better method | 
of boiler draft speed control. 


ELECTRIC MACHINERY MFG. CO, 
MINNEAPOLIS 13, MINNESOTA 
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@The E-M Magnetic Drive is a simple, compact, electro- 
magnetic torque-transmitting device. 


@it consists essentially of a ring, driven by the motor, . ' 
and a magnet coupled to the fan, as illustrated 
schematically. 
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@Closely adjustable-speed from maximum down to 10% ti 
of motor speed ... controlled electronically. 
@ Advantages: Precise fan speed control — Maximum fan " 
power economy—Minimum fan wear from erosion— of 
Quick speed response — Simple rugged construction. 
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Pay for themselves through high. 
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Fig. 1—Students are required to maintain steam pressure constant and 
temperature within +5 deg F through the entire range of firing rates 
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How the Navy Trains Boiler Operators 


Faced with a tremendous expansion in 
the number of ships of all types and 
limited personnel trained in boiler opera- 
tion, the Navy set up a training school at 
the Philadelphia Navy Yard where boys 
with no previous experience in this line 
were given six weeks’ intensive instruc- 
tion under conditions simulating those 
on shipboard. Following is a brief review 
of how this was accomplished. 


The Navy Department, upon recommendation of the 
Bureau of Ships, established this school in response to an 
urgent need for trained water tenders to handle the 
operation of boiler installations of our tremendously ex- 
panded Navy. Moreover, Navy fireroom personnel in 
this war have been tossed aboard so many auxiliary 
ships, such as cargo vessels, troop transports, tankers, 
etc., in addition to combatant ships, that it was decided 
to teach them how to operate any system they might 
encounter. This meant including instruction on com- 
bustion control systems, inasmuch as many merchant 
ships are fitted with such systems. 

Nearly 700 trainees were put through the course each 


T10) 


how the Navy intensively trained the men who 
manned the boilers, giving the ships incredible 
maneuverability in making their firepower effective. 

At the Philadelphia Navy Yard, in a building which 
houses the Naval Training School (oil burning) at the 
Nava! Boiler and Turbine Laboratory, the problem was 
to bring in the lads from the farms, garages, ice cream 
Counters, etc., after they had six months or more at sea, 
and to teach them in six packed weeks how to handle 
high. ressure, high-temperature boilers, many- equipped 
with combustion controls and other fireroom auxiliary 
¢quip:ment such as found on naval combatant and aux- 
ilary ships. 


\ ie that the war is over, the story can be told of 
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six weeks and well over half of all the water tenders in 
the Navy completed the training during the war. Em- 
phasis was placed on sending through the school the 
water tenders who had had no experience with modern 
high-pressure, high-temperature boiler installations. 

At the head of the Naval Training School (oil burning) 
is Capt. C. A. Bonvillian, the Director of the Naval 
Boiler and Turbine Laboratory, and in direct charge is 
Lt. Comdr. P. R. Plant. Lieut. P. E. Fournier as Train- 
ing Qfficer was responsible for developing the instruc- 
tional material and particularly the many excellent 
training aids until he was later transferred to Okinawa. 
Capt. J. A. Hayes in charge of the Boiler Desk in the 
Bureau of Ships was instrumental in furnishing boilers 
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and necessary equipment for the establishment of the 
school. All have been highly enthusiastic about the 
new training program. They started something that is 
likely to build a more technically minded Navy in step 
with the latest modern devices. Also, they developed a 
method of imparting complicated technical information 
in a way that was neither dusty nor boring. Lectures 
and charts had to be used, of course, but movies, models 
and demonstrations along with the lectures, and par- 
ticularly full-scale boiler operation were employed, so 
that the whole course of six weeks teemed with operating 
experience. 

At the outset, the Navy realized that, to teach the 
principles of combustion, it would have to show the 
boys how such systems worked aboard ship. That 
meant buying the equipment and installing it in class- 
rooms. To play fair between competitors, it meant in- 
stalling those systems most likely to be found aboard 
any ship. 

In the early part of the course the students were 
shown the various systems in a classroom. Since none 
of the classroom equipment is actually hooked up for 
steam, ingenuity went to bat to create ‘simulated operat- 
ing conditions.’”’ That meant, where a certain condition 
would obtain with 500 psi steam pressure, instructors 
rigged up devices making the control systems work as if 
there were steam in the boilers. Incidentally, the tubing 
and other mechanisms were painted green, red, blue, 
yellow, black or white to make student understanding 
easier. Since there was no furnace in the classroom, a 
change in the orifice plate to get a small bleedoff attained 
the same result as a drop in pressure. 

The students were shown that a decrease im the firing 
rate on the “‘saturated’”’ side of the boiler, without a 
corresponding decrease on the superheater side, would 
result in an abnormal increase in the superheat tempera- 
ture because the rate of steam generation had decreased. 
Thus the rate of steam flow through the superheater 
had also decreased but the firing rate remained the 
same. Consequently, they were told, with the same 
firing rate and a decreased flow, the temperature in- 
creases. 
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Later in the course the men really got down to cases. Ff) of fire 


One part of the laboratory had become the simulated six fot 
vitals of a destroyer escort, where teamwork between the 










Fig. 2—Students firing a destroyer escort boiler 


: : ; ) six tw 
firemen and the blower man is essential for optimum ef- f) The 


ficiency and the avoidance of smoke is a “‘must.”’ pom 


Combatant ship boilers are operated manually because ro 
the wide fluctuations in speed demanded in battle can ponen 
call for power all the way from zero to full power and the in the 


auxiliary equipment to enable automatic combustion J... 
control to function under such extreme demands has not ff applic 
yet been perfected. On these, therefore, the Navy de- Th 


pends upon fully trained f 




















; starti: 
water tenders to operate in- comb’ 
dividual oil burners, valves f 4, .. 
and blowers. It is nothing f ;;,, 
in naval practice to cut ina f and ; 
cold boiler and have high f },, p 
steam pressure in a few mit- and, 


utes. skill i 

A visitor to the school 
would have seen each man at B f.4,, 
his appointed station, maty F .,., 
standing close together, but Th 
none speaking; just as if the 
destroyer escort were at sea 
in an emergency. A buzzet 
sounds and the men swig 


instru 


into 1 


Fig. 3—A complete unit of 

Hagan automatic combustion 

control installed in the class 

room and operated on a! 

pressure to simulate closely 4 § Fig, 4 
shipboard installation ma! 


January 1946—C OMBUSTION 








Ses, 
ated 
the 


1 ef- 


ause 

can 
| the 
tion 
} not 
 de- 
ined 
> in- 


ilves f 


hing 
in a 


min- 


hool 
un at 
1any 

but 
f the 
r sea 
1zzer 
wing 


it of 
stion 
lass- 


ely a 


LON 


| into action as a team, On a panel at the end is seen in 


BR EN ee en 


lights the words, ‘‘One Third.” One lad decreases fuel 
flow by closing down on the micrometer valves; another 
reduces the air input; and a third swiftly spins a throttle 
governing steam flow to the turbines. Still watching 


| the instrument dials which verify pressure and tempera- 


| ture, they throttle down the ship’s speed and wait for 


» the next order. 


| po wer. 


9 


aes 


ws 





4 
4 


— 


/ ing commands. 


It comes in a moment—‘Standard 
Speed.”’ Shifts of positions of levers, blowers and other 
devices follow as mere routine. Then “Full Speed” 
and the boilers appear to seethe with new steaming 
This is a ship that never moves; yet, watching 
these boys of the oil-burning school, one could well im- 
agine that he was really down in the fireroom of a speed- 
ing destroyer escort. 

Farther along in the laboratories is an even larger set- 
up—a simulated boiler room of one of our modern battle- 
ships. Here another crew, with faces just as intent on 
dials and instruments, functions under constantly chang- 
Here again there is no need for ‘‘simu- 
lated conditions’ because they actually have boilers 
under steam. Watching these lads perform, one is led 
to speculate on the havoc that could be wrought by a 


| torpedo or a bomb penetrating to the fireroom of one of 


our battleships. 
The capacity of the school was determined primarily 


| by the number of men that could be accommodated in 
| the school firerooms, operated on a 24-hr basis. 


There 
are six classroom subjects of seven three-hour sessions 


| each—namely, boilers, combustion, operation, fuel oil 
) and refractories, feedwater, and auxiliaries. 


Two series 
of fireroom drills and demonstrations are given: namely, 
six four-hour sessions in operation and maneuvering, and 
six two-hour sessions in combustion. 

The boiler class is taught the elementary principles of 
steam generation and is progressively taken through the 
characteristics, construction and functions of the com- 
ponent parts of modern naval boilers. Procedures used 
in the maintenance of water-tube boilers, superheaters, 
economizers, safety valves, soot blowers and other boiler 


| appliances are taught. 


The combustion class, 


| Starting with principles of 


| the construction and opera- 


high | and air registers, followed 


combustion, learns about 
tion of fuel oil atomizers 


by principles of operation 
and, next, development of 
skill in maintaining fireroom 
instruments and automatic 
feedwater regulators and 
combustion controls. 

_ The operation class delves 
into the reasons for super- 


Fig. 4—Students learning to 
mae feedwater analyses 
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heat, and factors affecting this stepping-up of the tem- 
perature of steam. Students learn the preliminary steps 
in lighting off any boiler or in cold-lighting with no 
steam available; also procedures for cutting in, cutting 
out and securing naval boilers. They also learn methods 
of controlling superheat, causes of condensation in super- 
heaters, methods of boiler control, safety precautions 
and localizing procedures to be used in event of damage 
to a boiler. 

Having mastered the principles, the sailors get two 
crammed courses on practical boiler operation, during 
which they work with three school boilers which simu- 
late as nearly as possible actual shipboard installations. 
Here they learn to observe the shape and color of the 
flame, the furnace appearance and the resultant CO; ob- 
tained under various conditions governed by air pressure 
and burner adjustment. 

Refractories, fuel oil, feedwater and auxiliaries come 
in for their share in the courses, too. The students are 
taught to adapt firing procedure to different oils, im- 
portant today when our ships are likely to receive fuel in 
foreign countries. In feedwater work they learn to look 
out for contamination and to make correct alkalinity 
and hardness tests. As to auxiliaries, they are shown by 
demonstrations the operating principles of turbines, 
rotary pumps, speed-regulating and limiting governors. 

The students are given a down-to-earth explanation of 
refractories, their purposes, compositions and uses. 
Properties and uses of plastic firebrick, plastic chrome 
or baffle mix; expansion joints and anchor bolts come 
in for their share of discussion. Also included are ways 
to tell when repairs are necessary and how to make them. 
Each practical work period enables the students to 
build up a typical boiler front and side wall. Forms are 
provided for casting the baffle mix or castable refractory, 
as it is sometimes called. Simulated stud tube dividing 
walls are also provided to give experience in the proper 
pounding in and setting of plastic chrome ore. Front 


and side walls built by the students are cut out in various 
places to afford practical experience in making emergency 
repairs. 











Progress in Steam Generation 


Activity prevails in both the utility and 
industrial power plant fields and, although 
there have been no major departures from 
practice over the last few years, steam 
generator design is reflecting changed 
fuel conditions by providing conservative 
furnace heat releases, lower gas velocities 
and stressing efficiency. In the industrial 
field spreader stoker firing continues to 
increase and there is a growing demand 
for small standardized complete units. 


ITH the easing of wartime restrictions on power 

plant construction following the defeat of Ger- 

many and the subsequent lifting of such govern- 
ment controls, plans for the expansion of utility capacity 
to meet anticipated post-war growth in electric load be- 
came active in the late summer and fall. This resulted 
in the placing of numerous orders for substantial ex- 
tensions to existing plants. Although relatively few new 
stations were projected, several new plants that had pre- 
viously been authorized went into service late in the 
year; these included the Tidd Station of the Ohio Power 
Company and the Jennison Station of the New York 
State Electric and Gas Company. Of the new capacity, 
some will be available in the latter part of 1946 and more 
early in 1947; the latter including some new stations 
now under design. Utility production of electricity in 
1945 amounted to approximately 221 billion kilowatt- 
hours which was about 3 per cent under the wartime 
high of 1944. 

In general, steam-station practice, as reflected by new 
construction, follows the immediate pre-war pattern with 
such refinements in design as have been dictated by ex- 
perience over the last few years. While steam conditions 
in the utility field are still divided between the 1400-psi, 
935-950-F and the 900-psi, 900-F groups, the former 
appears to predominate. Still higher pressures, of the 
order of 1600 psi, are found in some instances for topping; 
and, as a result of experience gained with high steam 
temperatures, the trend appears toward wider use of 935 
to 950 F, with 1000 F projected for a few installations. 

Because of increasing fuel costs, closer attention is 
being given to the attainment of maximum efficiency 
which involves higher feedwater temperatures, even up to 
450 F in some cases, and wider application of heat-re- 
covery equipment with low exit gas temperatures. With 
respect to the latter, improvements have been made in 
air heaters to withstand corrosion due to low exit tem- 
peratures and better means for cleaning the heat-transfer 
surfaces. 

The more extensive use of mechanization in coal min- 
ing is resulting in the delivery of coals with higher ash 
content. To meet this situation the later designs of 
steam-generating units are employing lower gas veloci- 
ties to avoid cutting of the tubes, and provisions are 
being made for better ash and slag removal. Among 
the large units now under design and construction fur- 
naces of the dry-bottom type predominate. 
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Liberal furnace volumes with corresponding lower Btu 
heat release are being employed to meet the changed coal 
conditions, particularly lower ash-fusion temperatures, 
Maintenance of desired steam temperatures, with lower 
heat releases at low loads, has been greatly assisted by the 
use of vertically adjustable burners in tangentially fired 
furnaces which continue to be favored for large heavy- 
duty steam-generating units. Moreover, considerable 
improvement in burners of all types has been made dur- 
ing the war period. 

Feedwater treatment, particularly where high makeup 
is involved, continues to be a problem in many plants, 
although the employment of potassium treatment has 
led to beneficial results in numerous cases. Deposits of 
black magnetic oxide on the inside surfaces of boiler 
tubes have been prevalent in boilers of all types operat- 
ing under widely different steam conditions. The 
greater part of this is believed to be of outside origin, as 
are also the copper deposits. While considerable atten- 
tion has been given to investigating such deposits, 
opinions differ as to their importance. However, the 
increasing use of acid washing has alleviated the serious- 
ness of internal deposits of all kinds and, in addition to 
saving time, has also made possible greater flexibility in 
the design and arrangement of component parts of steam- 
generating units. 

During the past year an order was placed for another 
million-pound-per-hour steam-generating unit to operate 
at 1625 psi 955 F and a number of others approaching 
this capacity are now under construction. More large 


single-unit installations, of one boiler and one turbine, f 
are indicated, which arrangement effects saving in pip- J 


ing, as well as offering certain operating advantages. 


One such installation now under construction consists of J 


a 100,000-kw condensing turbine-generator served by 4 
single boiler. 

While pulverized-coal firing predominates in central 
stations, it is important to mention that the boilers in 
the recently completed Jennison Station are fired by 
672-sq ft traveling-grate stokers burning No. 4 buck- 
wheat anthracite. These are the largest stokers of this 
type yet employed in central station service. 

In the industrial power plant field considerable activ- 
ity prevails. To what extent this results from the 
necessity of replacing obsolete or war overworked equip- 
ment, or to what extent the demand has been stimulated 


by anticipated peacetime production, is difficult to assess. f 


Among the larger industrial plants steam pressures of 
around 400 to 450 psi still predominate, but there is al 
increasing number of new 600-psi installations. Stil 
higher pressures are being employed in individual cases, 
in one exceptional instance 1600 psi, 935 F. Some o 
these large industrial units fall in the same design cate- 
gory as those for central stations. 

Although most industrial units of around 100,000 lb 
per hr capacity, or greater, are employing pulverized 
coal, there is a marked trend toward spreader-stoket 
firing, particularly for medium size and small units. 
This is dictated by the ability of such units to burn 4 
wider range of coals, in line with present coal market 
conditions, than other types of stokers. Combustion 
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control and provision for cinder recovery is general, and 
in many cases the cinders are re-introduced into the 
furnace. Continuous discharge stokers of this type are 
gaining favor especially in the larger capacities. 

Gas firing continues popular among plants in the 
Southwest, and in some cases oil is specified as fuel; but 
in the East and South the uncertainty as to future oil 
availability and price has been responsible for a pre- 
pomderence of coal-burning units. Where oil is specified, 
it is quite general to make provision for pulverized coal 
as an alternate fuel. In fact, recent boiler installations 
in certain eastern refineries are now burning pulverized 
This condition results from the widespread em- 
ployment of catalytic processes in refining which permit 
maximum extraction of gasoline from the crude with 
minimum heavy residual oils, the demand for which is 
likely to be absorbed to a large extent by marine de- 
mands. 

Among the smaller industrial plants there is a demand 
for more or less standardized steam-generating units of 
the so-called “‘package’’ type fired either with spreader 
or single-retort underfeed stokers. 

Although the year just passed has brought to light 
marked advances in the development of the gas turbine, 
as an outgrowth of jet propulsion for aircraft, this type 
of prime mover is likely to find its principal field of ap- 
plication in aviation and perhaps to a more limited ex- 
tent in locomotive drive and special marine applications. 
Considered opinion is that it will be some time before 
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Here is a typical boiler refractory wall in bad repair. Note how 
the refractory cement has loosened at the joints and the firebrick 
fallen out. 





No matter how good the firebrick are, your furnace 
setting will last only so long as the bonding cement 
holds up. 

R & I #3000 Refractory Cement assures longer life of a 
firebrick setting because it does not shrink, spall, bulge, 
crack, puff or fall out under the most severe firing con- 
ditions. 

Having the same expansion and contraction as #1 fire- 
brick, intermittent firing will not crack 43000. 

It air-sets at normal temperatures and gains full strength 

without heat. Being very finely 
ground, #3000 penetrates far into the 


the gas turbine in large capacities will enter the field of 
stationary power generation, except, of course, as at 
present in connection with oil refinery process. Never- 
theless, experience with temperatures encountered in gas 
turbine work will likely have bearing on further develop- 
ments in steam generation, in which field research, sup- 
plemented by field investigations, is assuming increasing 
importance. 

Since the advent of the atomic bomb, there has been 
much speculation as to the possibilities of adapting 
nuclear energy to power production. In the first place, 
it will probably be some time before a definite pattern of 
military and political control of atomic energy is adopted 
after which science will give attention to peacetime uses. 
Many well-informed individuals have expressed the 
opinion that it should be technically possible to employ 
such energy for power production, but none is sure that 
it will be economically practical. There are so many 
hurdles to be overcome in the control of the liberated 
heat, protection to personnel and probable high in- 
vestment costs that, from present indications, there is 
little likelihood of it becoming a serious competitor of 
present methods of power generation for many years to 
come. However, considering the obstacles that have 
been successfully surmounted by scientists and engineers 
in the past, it would be most reactionary to discount the 
probable ultimate success, perhaps for special applica- 
tions. Physicists have paved the way and it will be up 


to the engineers to follow through. 
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The wall opposite was reset with new firebrick and R & I #3000 
and the surface entirely wash-coated. It has since stood up under 
severe service a long time without breakdown. 


Firebrick is only as strong as its weakest joint 


pores of the brick, gripping} them firmly in place and 
protecting them against slag and abrasion. 

A washcoating of R & I #3000 will add extra life to your 
brickwork. It is ideal for hot or cold patching. Look for 
the green drum. Get it from your supply house. 

Bulletin R-44 contains some interesting facts. Send for 
a copy. 


Refractory & Insulation Corporation 
120 Wall Street New York 5, N. Y. 
Chicago 4, Ill. Philadelphia 3, Pa. Detroit 26, Mich. Newark 2, N.J, 


#3000 REFRACTORY CEMENT 
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Efficiency Bureau Functions 
By J. R. MICHEL 


Commonwealth Edison Company 


In reporting the A.S.M.E. Annual Meet- 
ing in the December issue a brief account 
was given of the panel discussion on ‘‘Re- 
ducing Losses in Power Operation and 
Consumption.’’ One of the participants 
in the panel was J. R. Michel who de- 
scribed the functions of the Efficiency 
Bureau of the Commonwealth Edison 
Company, Chicago. Upon request, Mr. 
Michel has since provided us with the 
complete text of his paper, together with 
an organization chart, which we are here 
pleased to publish—Editor. 


Chicago, ranging in capacity from 187,500 kw to 

437,500 kw, which operate with throttle steam condi- 
tions up to 1250 psi, 925 F. Power plant equipment in 
these stations could well constitute a panorama of gener- 
ating station development, since Fisk Station, the earliest 
of the four, was the first large all-turbine power station 
in America. There were many firsts included in the 
development of the stations and it is with the performance 
of these stations and station equipment, and with the 
practical or applied research and study concerning de- 
velopment that the Efficiency Bureau of the Operating 
Department works. 

The accompanying chart shows the operating organiza- 
tion, from which it will be noted that the Efficiency 
Bureau reports as staff to the Superintendent of Generat- 
ing Stations. The group is comprised of a relatively 
small number of men in normal times consisting of some 
eight or ten reporting through supervisors to the super- 
intendent. The supervisors started in the efficiency 
group, progressed through station supervisory operating 
positions and were advanced to their present positions. 
All in the group are engineering graduates. 

Two men have remained in the group a considerable 
length of time and they coordinate and guide the actual 
testing work of the younger men. The engineering grad- 
uates start as engineers, junior grade, and as they learn to 
apply their theory to practical power plant problems, they 
assist in performance tests of auxiliary equipment and 
later take more and more important parts in testing and 
analyzing the performance of major equipment. Thus 
they become generally familiar with the stations of the 
system from the coal plants through the boiler plants, 
turbine rooms and the stations’ electrical and mainte- 
nance divisions. The experience gained from testing 
work, analysis of performance difficulties, determination 
of station performance and preparation of operating 
manuals and operating procedures, in a relatively few 
years prepares them for operating positions. The Effi- 
ciency Bureau as we know it today was organized in 1921. 


| HERE are four steam-electric generating stations in 
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Aside from the regular work performed, the Efficiency 
Bureau has rendered a real service in preparing men for 
supervisory operating positions. The present chief engi- 
neers in each of the stations at some time worked in the 
efficiency group and this is true also of a large perceritage 
of other operating supervisors, especially those engaged 
in the station turbine and steam generating divisions. 
In the discharge of their responsibilities these supervisors 
constantly use the training received in the efficiency 
group. 

While it is true that the training received has benefited 
those who started in the efficiency group and has im- 
proved the performance and speeded the advancement 
of those who have progressed from it to operating posi- 
tions, it is also true that many excellent supervisors 
progressed from operating employee classifications. 

All employees are urged to participate in and benefit 
from outside study courses which apply to their work. 
Those starting in operating positions who complete suf- 
ficient studies to fulfill the requirements for Efficiency 
Bureau work frequently are transferred to that division 
so they may benefit from its training. This interchange 
of men in operating and testing positions has been of real 
advantage to all concerned and has resulted in a spirit 
of cooperation between operating and testing groups that 
is excellent. The present difficulty is to satisfy the re- 
quests of operating supervisors for test services and aid 
in the analysis of problems that require special instrumen- 
tation facilities and manpower for special analysis. 

The group prepares monthly summaries of station per- 
formance as one of its regular duties. These are detailed 
analyses setting forth the month’s performance of each 
piece of station equipment that to any appreciable degree 
affects the overall performance of the station. The re- 
ports are submitted to the Superintendent of Generating 
Stations who, after approving them, sends them to the 
supervisors concerned. Deviations from desired per- 
formance are set forth and, where necessary, corrective 
measures are instigated by the superintendent or by the 
operating supervisors. 

Equipment performance which requires frequent or 
daily checking is accomplished through field checks, the 
procedures for which are set up by the testing group. 
These include checks depending on periodic or day-to-day 
observations in operation or data drawn from log read- 
ings. They are assembled in the form of charts or tabu- 
lations by the operating personnel who are guided in their 
procedure by the indications. 

The testing of plant equipment which requires the col- 
lection of a considerable amount of precise data, such as it 
heat rating a turbine or a plant section, is performed by 
the efficiency group. The results of the tests are calct- 
lated and assembled in the form of reports. These indt 
cate the results of repairs or changes and are sent t0 
those concerned by the superintendent. In many cases 
the operators in cooperating with the testing group are 
aware of the results before the report is issued. 
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Statistical studies and engineering investigations of 
present equipment or operating conditions and studies of 
the effects of proposed or suggested changes in any items 
of steam generating equipment are subjects that receive 
attention. Proposed replacements or alterations are 
carefully studied to determine the resulting effects on 
investment, operating costs and performance. Worth- 
while projects are initiated and tentative designs are 
made for the Engineering Department for those installa- 
tions or rearrangements that are commercially desirable. 

Major items involving process, such as chlorination of 
circulating water, application of overfire air to chain- 
grate stoker firing, application of regenerative feedwater 
heating, gas firing, and operation with washed coal, are 
studies involving pilot plant operation which have been 
conducted by the efficiency group. An important in- 
vestigation which required the installation of a complete 
boiler for test purposes is under way at present. Many 
of the investigations have resulted in developments affect- 
ing methods of operation and plant design or major plant 
changes. In many cases economy has resulted. 

Not of the least importance is the library of Efficiency 
Bureau reports. These form a reference of development, 
history and statistics. They are repeatedly referred to 
in connection with current problems with the equipment 
under study. These reports, now numbering some 1500, 
cover nearly all subjects of power plant operation from 
coal sampling through the incremental loading of the units 
of the system. They have proved to be of a value far 
exceeding the cost and trouble of formal preparation. 

When new installations or major plant additions are 
considered the heat balances are checked. These checks 


are submitted to the Superintendent for use in determin- 
ing proposed design. Before the installation of new units 
is completed, instruction books are prepared. These 
contain descriptions of the new equipment, equipment 
performance guarantees, sectional drawings of equipment 
with pertinent dimensions and detailed operating pro- 
cedures. Some of these operating manuals contain as 
many as 150 printed pages and 75 sectional drawings. 
After preparation of the manual and before operation of 
the new equipment, classes are held for the operators. 
Instructors for these classes are drawn from the super- 
visory operators who will be responsible for the operation 
of the equipments. After the unit is in operation, per- 
formance tests are conducted by the efficiency group to 
determine whether the included equipment and the unit 
as a whole have met the design guarantees. 

Throughout the Generating Stations Department 
organization, line responsibility for operation, mainte- 
nance and performance has been maintained. The activi- 
ties of the efficiency group are of a staff nature. This 
has proved adequate over the past twenty-five years for 
checking performance, trouble shooting, starting new 
equipment in operation, accomplishing the practical re- 
search required for process development and for the train- 
ing of personnel for responsible operating positions. 
Evidence of the effectiveness of this type of organization 
is indicated by those contributions it has made toward 
reducing the combined average heat rate of the stations 
some 10,000 Btu per kwhr over the past twenty-five years 
and by the results of investigations which have contrib- 
uted to designs used by ourselves and associated com- 
panies. 
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| E LA A L Any unbalanced thrust causes shaft to shift axially, thus regulating flow om 


through clearance C, thereby controlling pressure against balancing “ 
BALAN CING disc A and thus automatically returning the pump to a state of perfect . 


A Q RA N g EM . N T balance. Note that this hydraulic device leaves no unbalanced thrust 
€ 


to be taken up by bearings or other metallic contacts subject to wear. 


BALANCES ALL THRUST |°. 


ELIMINATES SOURCE OF TROUBLE IN HIGH-PRESSURE BOILER FEED PUMPS et 


The erosive action of high-temperature feed water in a high-pressure Ma: 


reliabi 


boiler-feed pump does not interfere with the operation of the motor 





° ° ° . provic 
De Laval automatic hydraulic balancing arrangement, since the The g 
tems 

automatic action of this device is in no way affected by normal power 
a stat 
wear, as can be seen from the illustration. Its universally trouble- years’ 
coordi 
free performance has been demonstrated over a period of 30 power 
ability 
electri 
cases ¢ 
by the 


years in hundreds of installations, handling feed water up 






to 350° F. and discharging against pressures up to 1600 psi. 
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Electric Drives for 






Steam-Electric Generating 


The following excerpts are from a paper 
by W. R. Brownlee and J. A. Elzi, both of 
the Commonwealth & Southern Corp., 
presented by the power generation com- 
mittee of the A.I.E.E. and recently released 
for publication. The authors review the 
trend toward all-electric drives for 
steam station auxiliaries, because of 
flexibility, convenience, low operating cost 
and comparable investment cost, and 
stress the advantages of transformers as 
the sole means of station power supply. 
The views expressed are backed by experi- 
ence with approximately 500,000 kw capac- 
ity in modern pulverized-coal-fired plants 
operating at 850 psi, 900 F. 


need of steam for feedwater heating strongly 

favored small steam turbines as drives for most of 
the station auxiliaries. Multi-stage bleeding brought 
about a critical examination of operating costs of turbine- 
driven auxiliaries, and resulted in the application of 
electric motors to many of them, certain steam turbine 
drives being retained either to obtain convenient vari- 
able speed operation or with the objective of securing 
greater reliability for critical drives. 

Many factors have contributed to the improved 
reliability of electrically driven auxiliaries. Modern 
motors are highly reliable and variable speed couplings 
provide flexible and efficient operation where required. 
The growing interconnection of both stations and sys- 
tems makes it feasible to secure emergency electric 
power for auxiliaries not only from several points within 
a station but from remote sources as well. Several 
years’ experience has demonstrated that the proper 
coordination of driven equipment, motors, control, and 
power source insure ar extremely high degree of reli- 
ability. Many stations now operate with all auxiliaries 
electrically driven, with the minor exception in somé 
cases of the turbine bearing oil pump, which is furnished 
by the manufacturer as a part of the turbine. 


se the advent of the extraction turbine, the 


Basic Requirements 


The requirement of reliability for many auxiliary 
drives is most important. Especially with pulverized 
fuel-fired boilers, the interruption for even a few seconds 
of certain critical drives may result in flame extinction, 
and the resulting necessity of purging the furnace system 
and relighting may cause a serious (though temporary) 
loss of capacity. Thus the overall system must be made 
telatively immune to short-time disturbances but with- 
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Station Auxiliaries 


out sacrificing the simplicity and flexibility which are so 
essential to successful operation. Adequate safety inter- 
locking is required, but must be scrutinized for possible 
hazards to reliability. 

For some of the drives, variable-speed operation or its 
equivalent is necessary. Where storage capacity can be 
secured readily, the automatic intermittent running of 
constant-speed motors provides convenient, flexible and 
low cost performance. For other auxiliaries, the use of 
constant-speed motors with variable-speed couplings 
can provide the desired solution. 

While consideration of cost is secondary to that of 
reliability, a careful consideration of all factors will 
facilitate low first cost design without any measurable 
sacrifice in reliability. The low operating cost of electric- 
driven auxiliaries is inherent when compared with steam- 
driven auxiliaries. 


Motor A pplication 


By far the largest portion of motors used for station 
auxiliary drives are three-phase, squirrel-cage, induction 
motors conforming to NEMA standards as regards 
starting current, starting torque and maximum torque. 
In spite of the requirements of high reliability only a very 
few motors and auxiliaries, such as boiler feed pumps, 
pulverizers and circulating water pumps, are installed in 
duplicate. For this reason, particular attention is paid 
to the mechanical and electrical construction of the 
motors purchased. This does not mean that the motors 
need to be of special design or construction. 

A few of the small motors are rated 220 volts, but most 
drives use either 440- or 2300-volt motors. An eco- 
nomic survey taking into consideration the cost of 
motors, control equipment and the station distribution 
system has resulted in a decision to place the dividing 
line between the use of 440-volt and 2300-volt motors 
at approximately 100 hp. 

Full voltage starting is used for both 440- and 2300- 
volt motors. This permits the use of a low cost control 
scheme which is simple and direct in its operation and 
lends itself to quick automatic transfer from one power 
source to another in an emergency. It also provides full 
starting and pull-in torque for normal voltage condi- 
tions. It may, however, be necessary at times to start 
an essential auxiliary when the voltage at the motor 
terminals is below normal as the result, for example, of 
the loss of a sizable amount of generation from the sys- 
tem. The speed-torque requirements of all auxiliaries 
are given careful consideration and motors having ade- 
quate speed-torque characteristics at the minimum oper- 
ating voltage are selected. 

For some applications such as certain types of pul- 
verizers the starting torque is the critical value, and if a 
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motor is selected having adequate torque to start the 
pulverizer during low voltage conditions no difficulty 
will be experienced in bringing the pulverizer up to 
speed. In other applications such as boiler feed pumps 
the starting duty is relatively light, but the torque curve 
of the pump may rise very rapidly with speed and in this 
case it is necessary to check the speed-torque curve of 
the motor under minimum voltage conditions to make 
sure that it remains above the pump characteristic at all 
speeds. 

Motors having normal starting current are usually 
provided since light flicker, due to motor starting, is not 
usually a problem when transformers are used for station 
power supply. Coordinated unit design results in satis- 
factory operation from the standpoint of disturbances 
resulting from starting the largest motor or the trans- 
ferring of a group of running motors from one bus to an- 
other. 


Mechanical Construction and Insulation 


In order to assure reliable continuous operation, care- 
ful consideration is given to mechanical construction. 
The motor windings and rotor bars must be braced to 
withstand the stresses due to full voltage starting and 
must be thermally adequate for the current associated 
with it. In so far as practicable, the constru¢tion should 
be such as to provide ease in making periodic inspections 
and checks. This means, for example, that it should be 
easy to check the oil level in the bearings and to make 
sure that the oil rings are performing properly. Provi- 
sion should be made for checking bearing temperatures, 
and suitable openings for checking air gaps are essential. 
Proper end play is important, especially in 3600-rpm 
motors, and the motor should be so constructed that 
this can be checked readily. 

Motors with insulation specifically designed and 
treated for power station service are now generally avail- 
able and should be used for all auxiliaries. This insula- 
tion is moisture- and dirt-resistant and with proper 
maintenance can be expected to give satisfactory service 
without the necessity of using splash-proof or totally 
enclosed motors. Drip-proof motors are provided where 
there is a possibility of water dripping on the motor. 

Both Class A and Class B insulation are used. In 
general it is easier to obtain satisfactory Class A insula- 
tion for power station service; and Class B insulation is 
specified only for motors operating in ambients above 
40 C, such as draft-fan motors. 


Speed Control 


For most station auxiliary applications constant-speed 
drives are used. The induced- and forced-draft fans are 
an exception to this. The power requirements of these 
fans are substantial, and their speed adjustment is con- 
trolled automatically by the combustion control equip- 
ment. 

In many of the earlier plants the motors for these 
drives were of the wound-rotor variable-speed type. 
However, equal efficiency and better control can be pro- 
vided with constant-speed motors and variable-speed 
couplings of the hydraulic or magnetic type. These are 
in most cases used to provide the entire range of speed 
control and have proved quite satisfactory, responding 
very well to the combustion control equipment. In some 
instances two separate motors are provided with different 
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constant-speed ratings, with dampers to provide inter. 
mediate control. 


Power Supply Systems 


The choice of a system for supplying power to elec. 
trically driven auxiliaries is a vital one. The primary 
objective of adequate reliability must be obtained, but 
this does not mean that the most elaborate and expensive 
scheme is necessary or even desirable. One of the im. 
portant advantages of electric drive for station auxiliaries 
in an interconnected transmission system is that power 


may be secured from a large number of sources and} 


transferred instantly from a central location. The ex. 
tension and improved performance of interconnected 
power stations and systems have increased the popular. 
ity of the unit system of plant design; that is, one boiler, 
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Typical power supply and motor connections for station 
auxiliaries, with transformers as source of supply 


one turbine, and one step-up transformer operating as 4 
unit, with electrical connections with other units made 
at the high-tension bus only. The interconnected system 
can compensate for the loss of any one unit, and accord: 
ingly the statement has been made that the overall 
reliability of the station auxiliaries need be no greatel 
than that of the main units. This is true with certail 
minor exceptions. In the case of an emergency outage 
of a main generator for a temporary cause, it may be 
necessary to provide emergency service within a shor! 
time to the boiler feed pump. If the interruption to the 
main unit is long enough for the turbine to stop turning, 
then the availability of emergency power for the auxiliary 
turbine turning motor will save an additional delay © 
two or three hours in restoring the unit to service. 
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In early applications of electric drive to include 
essential auxiliaries, it was sometimes thought necessary 
to provide an entirely separate house turbine-generator, 
supplemented with an auxiliary generator on the shaft 
of the main unit and a transformer source. Such an 
installation was so expensive as to offset in part the 1/2 
to 2'/2 per cent reduction in operating costs achieved 
with electric drive. Experience soon showed that the 
costly house turbine-generator was unnecessary and 
added very little to reliability. The upward trend in 
steam pressures and coordinated bleeding cycles was also 
afactor in the gradual abandonment of the house turbine. 

The less costly auxiliary generator driven on the shaft 
of the main unit is still much more expensive than a 
transformer. The principal advantage of the shaft gen- 
erator is that the auxiliary bus supplied from it is not ex- 
posed to voltage disturbances originating on the trans- 
mission system. On the other hand, the line starting of 
large induction motors from a shaft generator may in- 
volve serious voltage disturbances of several seconds’ 
duration which are not encountered with transformer 
supply. 

Careful analysis of fundamental requirements has 
shown that the proper coordination of the characteristics 
of motors and control with those of the driven equipment 
provides adequate reliability using transformers for the 
sole supply of auxiliary power. Some of the factors 
contributing to the improved reliability of systems using 
transformers are: 


1. Coordination of control methods to avoid un- 
necessary interruptions. 

2. The more rapid clearing of transmission system 
faults. 

3. The use of squirrel-cage induction motors with 
full voltage starting. 

4. The choice of power sources to provide a natural 
“cushion”’ against external power system faults. 


Special tests have been made to check the overall 
operation of the systems and subsequent experience 
provided further confirmation. 


Typical Connections Employing Transformers 


The accompanying diagram illustrates a typical scheme 
oi connections with the station power transformers con- 
nected to their respective main units at generator volt- 
age, and with the latter grouped in pairs for emergency 
operation of both sets of auxiliaries from either main 
generator. Transfer of an entire group of auxiliaries may 
be made from the control center and is normally accom- 
plished automatically in case a station power transformer 
separates by differential relay. This automatic transfer 
may also be initiated by operation of the relays protecting 
the main transformer bank. Reliability suitable for a 
unit system is obtained with single busses which are well 
protected electrically and mechanically. In the case of 
the 480-volt system, the relatively large number of 
motors makes it desirable to divide them among group 
busses as shown so as to limit the total exposure on the 
main 480-volt busses. Experience to date has not shown 
the desirability of providing “voltage chasing’~schemes. 

Furthermore, the main step-up transformer of a 
“unit” installation provides a natural cushion for the 
‘tation auxiliary bus against transmission faults. 
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Control and Switching 

As shown, the 2300-volt motors are connected to the 
bus through circuit-breakers which provide automatic 
protection against faults in the motor or circuit (and in 
some instances thermal protection) and also serve as 
motor starters. Either air or oil circuit-breakers of ade- 
quate interrupting ability are used, but the trend is 
toward the use of air circuit-breakers because of their 
superior performance for starting duty. Air circuit- 
breakers also have an advantage from the standpoint of 
inspection and maintenance of contacts. This is of con- 
siderable importance in view of the fact that these break- 
ers are operated much more frequently than breakers 
on distribution circuits. 

For 440-volt motors, the control for many of the indi- 
vidual motors consists of a small air circuit-breaker with 
instantaneous trip attachment for fault protection and a 
magnetic contactor for starting duty. For nonessential 
motors, standard industrial control equipment is satis- 
factory. For some applications, however, latched-in 
contactors or air circuit-breakers suitable for motor 
starting service are required. 

In a pulverized-coal plant, it is necessary for safety 
and operating reasons that the sequence of starting and 
stopping certain motors be carefully interlocked. For 
example, the induced-draft fan is started first. This is 
followed in sequence by the starting of the forced-draft 
fan, the exhauster, the pulverizer and the feeder. In 
order to avoid clogging of the fuel supply system and to 
avoid a possible explosion if any piece of equipment in 
the above group is stopped, provision is made to stop 
automatically all of the motors ahead of it. In the 
above group, if the exhauster stops for any reason, its 
breaker or contactor is opened and an auxiliary switch 
trips the pulverizer which in turn trips the feeder. It is 
essential that the device which initiates the tripping se- 
quence respond to failure of the driven quantity and not 
simply to undervoltage, because stoppage may be the 
result of a sheared pin, a broken shaft or some cause 
other than failure of power supply to the motor. In the 
example taken, the emergency dampers are tripped by 
the differential pressure relay, damped to give a slight 
time delay. This, in turn, trips the exhauster motor 
and the remaining motors in the sequence. 

While undervoltage protection is not required for full 
voltage starting motors, the use of standard magnetic 
starters for 440-volt motors would provide “uninten- 
tional’ low-voltage protection. Most of these starters 
will drop out at around 50 per cent of normal voltage and 
remain open unless a latched-in type of auxiliary relay is 
used. This is not serious for automatic-start intermittent 
running equipment with storage capacity such as the 
feeder, house service pump, combustion control air com- 
pressor, and condensate pump provided they are not in- 
cluded in any interlocking scheme. Standard starters 
even with latched-in auxiliary relays are not suitable for 
motors in an interlocked ‘scheme because the auxiliary 
switch on the contactor would start the tripping sequence 
of the other motors and emergency safety devices in the 
series. For such motors, either latched-in contactors or 
breakers suitable for starting duty are used. 

Latched-in contactors or circuit-breakers are also pro- 
vided for highly essential motors, even though they may 
not be part of an interlocked sequence. This permits 
utilization of all available power, even at voltages 50 per 
cent below normal. 
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THE COTTRELL PROCESS OF 
ELECTRICAL PRECIPITATION 





For GAS CLEANING, smoke abatement and removal of dust, 


fume, tar and other suspended matter from gas, there has been 
one universally accepted process for more than thirty years. In an- 
swer to your special problem, a Cottrell installation incorporating 


this rich experience in research, development and worldwide oper- 


ation means the complete fulfillment of your requirements. 


RESEARCH CORPORATION 





NEW YORK 17: 405 LEXINGTON AVENUE 
CHICAGO 3: 122 $0. MICHIGAN AVENUE 
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Recommended Standard Coal 
a és 

Sizing 

In the January 1945 issue we published a list of coal sizing recommendations 


as tentatively compiled by Combustion Engineering Company, with the idea 
of stimulating constructive comment that could lead to a recommended stand- 


ard of coal sizing for different methods of firing. 


As anticipated, a number of 


helpful comments were received from authoritative sources, with particular 


reference to the changing coal market conditions. 


These suggestions were 


carefully considered and investigated by those who compiled the recommenda- 
tions, from both availability and operating angles, and modifications in some 


categories were made in the tentative recommendations. 


revised are as follows: 


The sizings as 





Equipment Fuel Sizing Remarks 
Traveling Grate Anthracite No. 3 Buckwheat (Bar- Standard 
ley). All through a */;¢- 
in. round mesh and not 
more than 20% through 
a */s-in. round mesh 
Anthracite No. 4 Buckwheat. All Standard 


Traveling Grate 
and Chain Grate 


Spreader 


Underfeed Stokers: 


Type E Mul- 
tiple - Retort 
Skelly and Low 
Ram 
Skelly 
Pulverizers 

NOTE: 


Coke Breeze 


Mid-Western Bitumi- 
nous and Lignite 


Eastern Bituminous 
(Friable) 
Eastern Bituminous 


(non-friable) and 
Mid-Western __ Bi- 
tuminous 


Eastern Bituminous 
(Friable) 
Eastern Bituminous 


(Non-friable) and 
Mid-Western  Bi- 
tuminous 


Anthracite 


All Coals 


through a */3-in. round 
mesh and not more than 
20% through a */¢4-in. 
round mesh 

All through a °/s-in. round 
mesh and not more than 
50% nor less than 25% 
through a '/s-in. round 
mesh 


l-in. Nut and Slack, not 


more than 50% slack 
through '/,-in. round 
mesh 


l'/q- or 1'/o-in. Nut and 
Slack, not more than 
50% Slack through !/;- 
in. round mesh 

3/4-in. Nut and Slack, not 
more than 50% Slack 
through '/,-in. round 
mesh 


2-in. Nut and Slack, not 
more than 50% Slack 
through ‘/,-in. round 
mesh 


l-in. to 1'/s-in. Nut and 
Slack, not more than 
50% Slack through '/,- 
in. round mesh 

No. 2 Buckwheat (Rice). 
All through a °/j-in. 
round mesh and not 
more than 15% through 
a */»-in. round mesh 


3/,-in. Nut and Slack 


Should contain 8 to 
10% moisture and 
not less than 2% 
volatile matter. 


(See Note) 


Coal should be tem- 
pered to 15% mois- 
ture. (See Note) 


See Note 


See Note 


For Multiple Retort. 
(See Note) 


For Multiple Retort. 
(See Note) 


Standard 


Fuel to be delivéred across stoker hopper without segregation. 
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Type SVH Heacon Damper motorized Type LV vertical, inclined or 
for combustion control. horizontal duct 


yere's the AnsWe" 


. «+ to your Damper Problem 


Tightness—The Heacon Damper, when closed, eliminates leakage. 





Control— Automatic or hand operated, Heacon gives smooth, accurate 
control. Constant differential across the damper gives an absolutely 
straight line flow characteristic. 


Installation —Heacon Dampers may be adapted to your present system 
as well as to new installations of from 1,000 lbs. to 1,000,000 Ibs. per 
hr. capacity and to numerous furnace and process applications. 

The Heacon Dampers illustrated on this page are examples of the 
many types designed for specific uses. Our engineers will be glad to 
help you solve your damper problems. 


THERMIX ENGINEERING CO. 


Project and Sales Engineers 
FIRST NATIONAL BANK BLDG., GREENWICH, CONN. 


FIELD PROJECT ENGINEERS at: 
ATLANTA, GA. CLEVELAND, O. MONTREAL, QUEBEC. | ROCHESTER, N. Y. 
BOSTON, MASS. DETROIT, MICH. NEW HAVEN, CONN. SALT LAKE CITY, UTAH 
BUFFALO, N. Y. DULUTH, MINN. NEW ORLEANS, LA. enasnnennen: On. 
CHARLOTTE, N. C. HOUSTON, TEXAS NEW YORK, N. Y. “oe 
CHATTANOOGA, TENN. KANSAS CITY, MO. PHILADELPHIA, PA. SCHENECTADY, N. Y. 
CHICAGO, ILL. LOS ANGELES, CALIF _—PITTSBURGH, PA. SEATTLE, WASH. 


CINCINNATI, O. MINNEAPOLIS, MINN. RICHMOND, VA. WASHINGTON. D. C. 
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Type DVHR—Double curtain— 
Reversing flow. Regulates flow 
in either direction. 

















Type DVHR Heacon Damper 
controlling reversing flow in 
bypass in eastern airport. 





Type $1V—Single curtain—inclined damper — Vertical Type SVH Heacon Dampers for electric steel furnaces in 


duct. Regulates flow in one direction 





one of the new steel plants 
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Simple Test for Substandard 
Coals 


At infrequent intervals, analysis of a 
coal shipment reveals a below normal 
figure for ash-free, moisture-free heating 
yalue usually accompanied by a rather 
high moisture content. While such coals 
are usually called ‘“‘crop coal,” it is not 
certain whether this substandard state is 
due to weathering or that, due to geological 
circumstances, coalification has not been 
completed. Such coals at best cause a 
substantial increase in the consumer’s 
fuel bill and at times may affect the load- 
carrying capacity of the boilers. 

A simple test has recently been en- 
countered which apparently permits easy 
and rapid detection of such coals. A 
few small pieces of the coal about the size 
of a pea are placed in a beaker and suffi- 
cient concentrated ammonium hydroxide 
is poured in to cover the pieces of coal. 
Substandard coal causes a distinct brown 
color to develop in the ammonia solution, 
while normal coal develops no color except 
perhaps a turbid gray due to suspended 
coal particles. The test appears to be 
very sensitive, since in a washed coal 
which normally has a very consistent H 
value, deficiencies of only 100 Btu cause 
a distinct brown color. 

The test as developed in the Indianapolis 
Power & Light Company laboratory has 
only been used as a qualitative check. 
While a quantitative test might be based 
upon this reaction, it seems doubtful 
whether it would be much simpler than 
the usual calorimeter determination. 


Such limited testing as has been done, 
indicates that this test does not show up 
the drop in heating value which is usually 
found in coal that has been stored in the 
open for several years. 

Experience with this test has been 
limited to a few strip mines in the Southern 
Indiana field. Since theory points to a 
reaction between the humic acids in the 
coal and the alkaline ammonia solution as 
a cause for the brown discoloration, it 
may be that the test would have general 
application to other mines and other coal 
fields. 

R. W. GAUSMANN 
Indianapolis Power & Light Co. 


Blade Tips Approaching 
1000 Mph 


In a steam turbine the limit to volume 
of steam flow, and hence to economical 
capacity, is set by the length and diameter 
of the blades in the last row. As the 
blades get longer the centrifugal forces 
tending to pull them out by their roots 
become enormous. Also the velocities of 
the blade tips at high turbine speeds be- 
come very large—which places emphasis 
on the best airfoiling. 

Heretofore, the longest blade for the 
3600-rpm turbines has been 20 inches. 
The new blades, designed by Westing- 
house Engineers and soon to undergo tests, 
are 23 inches long. At 3600 rpm this will 


COMBUSTION—dJanuary 1946 


mean a blade-tip velocity of 1520 ft per 
second—one-third greater than the speed 


of sound. They will make possible steam 
turbines that can deliver 40,000 kw from 
a single-cylinder 3600-rpm condensing 
unit or 80,000 kw from a tandem 3600- 
rpm condensing unit. These outputs com- 
pare with 30,000 kw and 65,000 kw of the 
present largest 3600-rpm machines. 


1945 Coal Output 


Estimates based on reports of car load- 
ings indicate a bituminous coal production 
during 1945 of 574,200,000 tons. This is 
45 million tons, or 7.3 per cent, under that 
for the year 1944. 

The National Coal Association, speak- 
ing for the producers of bituminous coal, 
put 1946 prospective requirements of the 
United States at 525 million tons, which 
figure includes an allowance of 25 million 
tons for shipments to Canada and over- 
seas during the current year. This esti- 
mate is based on the assumption that the 
industry will escape further crippling 
strikes. 

In the anthracite field the Anthracite 
Institute gives the 1945 production as 
approximately 51 million tons, which 
figure represents a decrease of 14 per cent 
from that of the preceding year. A sub- 
stantial contributing factor to the de- 
creased output of anthracite was man- 
power shortage at the mines. 





Edison Medal Award to 
Philip Sporn 


The Edison Medal for 1945 has been 
awarded by the American Institute of 
Electrical Engineers to Philip Sporn, exec- 
utive vice president, American Gas & 
Electric Service Corporation, ‘For his 
contributions to the art of economical and 
dependable power generation and trans- 
mission.’ 

Mr. Sporn graduated in electrical engi- 
neering from Columbia University in 
1917 and joined the American Gas & Elec- 
tric Company in 1920, progressing through 
the positions of protection engineer, com- 
munications engineer, transmission and 
distribution engineer, station engineer, 
chief electrical engineer and chief engi- 
neer to his present position as executive 
vice president. Under his supervision 
much of the present facilities of the A. G. 
& E. System have been designed and in- 
stalled. 

The medal will be presented to Mr. 
Sporn on Wednesday morning, January 
23, in the Engineering Societies Audito- 
rium, New York, at a general session of the 
Winter Convention of the A.I.E.E. 

The Edison Medal was founded by as- 
sociates and friends of Thomas A. Edison, 
and is awarded annually for ‘‘meritorious 
achievement in electrical science, electri- 
cal engineering, or the electrical arts’’ by a 
committee composed of 24 members of the 
Institute. 











Let ONE man 
take care of your 


COAL STORAGE 
PROBLEMS 


If you have a man power 
shortage, let one man be re- 
sponsible for storing and 
reclaiming coal — safely — 
rapidly—economically—with 
a Sauerman Scraper System, 


I, Maximum tonnage stored on 
all available space. 

2. Operation is smooth 
rapid. 

S$. Costs only a few cents per 

ton of coal moved into and 

out of storage pile. 

4. Handles coal cleanly. 


and 










Sauerman ~amee Sytem, oe 8 cu. yd. Crescent 
* operating on ’ 
200,000-ton stockpile for 140,000 KWH station. 


Consider these advantages: 


The complete Sauerman Catalog is yours for the asking. 


SAUERMAN BROS., Inc. 


550 S. CLINTON ST., CHICAGO 7, 


q IPERALOR 
HOT DOU SG 





radius, handles 


5. Stocks in compact layers — 
no air pockets to promote 
spontaneous combustion. 

G. One man operates with one 
set of automatic controls. 

7. Lew original cost to install. 

8. Simple and economical to 

maintain. 





ILL. 














REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Handbook of Water 


Conditioning 


An up-to-date text for study, reading or 
reference covering industrial water con- 
ditioning in all its phases. The book, 
compiled by W. H. and L. D. Betz, well- 
known Philadelphia chemical engineers 
and water consultants, contains 54 chap- 
ters and is divided into two sections. The 
first section entitled ‘‘Water Treatment”’ 
contains detailed discussions of the chemi- 
cal and mechanical processes available for 
the treatment of water for industrial use, 
covering such subjects as coagulation, 
filtration, lime-soda softening, anion ex- 
change, silica removal, boiler scale forma- 
tion, embrittlement, slime and algae con- 
trol, etc. The second section entitled 
“Water Analyses” deals with the impuri- 
ties in water, how they originate, how they 
can be removed and methods of analyses 
suitable for plant control. Price $1.00 
per copy, postage prepaid. 


Chemistry of Coal Utilization 


This is in two volumes containing about 
1850 pages and was sponsored by a special 
committee of the Division of Chemistry 
and Chemical Technology of the National 
Research Council. This committee, 
headed by Dr. H. H. Lowry, of Carnegie 
Institute of Technology, consisted of forty 
members representing various research 
institutes and commercial organizations 
interested in coal. It arranged the sub- 
ject matter into forty chapters, each deal- 
ing with one phase of subject, and prepa- 
ration of the text was assigned to twenty- 
nine authors, selected because of their 
training and experience. These authors 
reviewed some 15,000 pages of literature on 
the subject, published in ten languages. 
Wherever possible, digests of the original 
articles are incorporated and the text is 
well supplied with references to the origi- 
nal publications. 

In the first chapter, the study of the 
origin of coal is based on microscopic 
study of the substance and the structure of 
coal. This traces backwards the present 
coal substances through the transforma- 
tion processes to the original plant sub- 
stances. In the second chapter are dis- 
cussed the various classifications of coals. 
However, much depends on point of view, 
classification that satisfies the students 
with the microscope may not suit men in- 
terested in steaming coals. 

The third chapter, ‘‘Coal Petrography,”’ 
is closely related to that of the first chap- 
ter on origin of coal. Coal petrography is 
a detailed microscopic study of the differ- 
ent parts of the coal substance and how 
these parts are related to the different parts 
of the plants from which the coal was de- 
rived. The study also traces types of coal 
to the original types of plant. 
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The fourth chapter on ‘‘Calorific Value 
of Coal’ gives the story of the develop- 
ment of coal calorimeter and its manipu- 
lation. 

The fifth chapter deals with hardness, 
strength and the grindability of coal and 
describes the different laboratory methods 
of determining these properties. 

Chapter 6 gives the method of deter- 
mining the plastic, the agglutinating, ag- 
glomerating, swelling properties of coals 
and what relation such determination may 
have to the caking of coal in furnaces and 
the production of coke in coke ovens. 

Chapter 7 defines the physical properties 
of coal and describes the methods of deter- 
mining them. 

Chapters 8, ‘“‘Chemical Constitution of 
Coal, as Determined by the Halogenation 
Reaction’; 9, ‘‘“Chemical Constitution of 
Coal as Determined by Oxidation Reac- 
tions’; 10, ‘‘Chemical Constitution of 
Coal as Determined by Reduction Reac- 
tions’; and 11, “Chemical Constitution 
of Coal as Determined by Hydrolitic Re- 
actions” deal with experimental studies to 
determine the structure or form of the 
coal molecules as they exist before any 
changes occur. 

Chapter 12, ‘“‘Forms of Sulphur in Coal,” 
discusses the three forms, namely, the 
organic, the pyritic and the sulphate 
forms, and how these forms of sulphur 
affect the value of the coal. 

Chapter 13, ‘‘The Occurrence of Nitro- 
gen in Coal,” deals largely with the origin 
of nitrogen in coal and the quantity oc- 
curring in various coal ranks. 

Chapter 14, ‘‘Composition and Origin of 
the Mineral Matter in Coal,’ tells what 
these minerals are, and how they got into 
the coal. 

Chapter 15, ‘‘The Fusion, Flow, and 
Clinkering of Coal Ash,’’ discusses the 
fusibility of coal ash, how it is measured, 
how it is affected by the ash composition 
and its effect on clinkering and other be- 
havior in boiler furnaces. 

Chapter 16, ‘““The Cleaning of Coal,” 
describes different methods of cleaning 
coal and their effectiveness with different 
sizes. 

Chapter 17, “Condition of Water in 
Coal,” brings up the question of what part 
of the water in coal is moisture and what 
part is water of composition. A standard 
method of moisture determination makes 
results comparable but not necessarily 
correct. 

Chapter 18, ‘‘Changes in Coal During 
Storage,”’ is a discussion of changes or de- 
terioration of coal during storage, and 
tendency to spontaneous combustion. 

Chapter 19, ‘““The Action of Solvent on 
Coal,” is related with its contents to 
Chapters 8, 9, 10 and 11, and gives the 
results of experiments with a large variety 
of solvents. 

Chapter 20, ‘Vacuum Distillation of 
Coal,”’ discusses the results of experiments 


of coal distillation under reduced pressure, 
The results indicate that the quantity and 
the kind of products are not greatly differ- 
ent from those obtained under atmospheric 
pressure. 

Chapter 21, ‘Industrial Coal Carboni- 
zation,”’ compares the beehive with the by- 
product coking of coal, and describes the 
apparatus and its operation in various de. 
signs of plants. 

Chapter 22, ‘‘Dependence of Yield of 
Products on Temperature and Rate of 
Heating,’’ presents operating data in sup- 
port of the importance of temperature and 
rate of heating. 

Chapter 23, “Preparation of Coal for 
Carbonization,”’ considers the preheating 
of the coal and oxidation above normal at- 
mospheric temperature. Experimental 
results show that the quantity and quality 
of the products can be varied by careful 
control of preoxidation. 

Chapter 24, ‘‘The Physical Properties 
and Reactivity of Coke,’’ emphasizes the 
desirability of laboratory tests of such 
physical properties of coke that would in- 
dicate truthfully the value of the coke for 
various uses, and describes some of the 
methods that have been tried. 


Volume 2 


Chapter 25, ‘‘Gas from Coal Carboniza- 
tion—Preparation and Properties,’’ gives 
the analyses, specific gravity, heating 
value of the gas; also a short discussion of 
individual constituents of the gas. 

Chapter 26, ‘““Removal of Sulphur Com- 
pounds from Coal Gas,’’ describes the 
various sulphur compounds and the ob- 
jections to their presence in coal gas, and 
describes commercial methods and ap- 
paratus for its removal. 

Chapter 27, “Recovery of Ammonia, 
Cyanogen, Pyridine and Other Nitroge- 
nous Compounds from Industrial Gas,”’ isa 
comprehensive discussion of the nitrogen 
compounds in coal gas, their yield from 
different coals, and including description 
of the methods and apparatus for commer- 
cial recovery. 

Chapter 28, ‘“‘Light Oils from Coke Oven 
Gas,” gives tables of constituents and 
their physical properties, description of 
methods and apparatus for recovery and 
commercial plants for refining crude oil 
from coal gas. 

Chapter 29, ‘‘Removal of Miscellaneous 
Constituents from Coal Gas,” discusses 
the removal of other constituents not 
covered in Chapters 26 to 28 because their 
removal is not done generally. Among 
these constituents are indene, styrene, 
ethylene, carbon monoxide and hydrogen. 

Chapter 30, “Utilization of Coal Gas,” 
discusses the fundamentals of combustion 
of coal gas, and describes the action of 
the bunsen burner and burners for home 
gas-burning appliances. It also discusses 
industrial application of coal gas for cot- 
trolling furnace atmospheres. 

Chapter 31, “The Chemical Nature of 
Coal Tar,” is a thorough discussion of the 
nature and yield of tar from different kinds 
of coals under different coking conditions. 
It contains many tables giving the phys 
cal properties of the different constituents 
of the tar. q 

Chapter 32, ‘“Ammoniacal Liquor, 
deals with the disposal of ammoniacal 
liquor produced in coke and gas plants. 
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Although ammonia is valuable, its produc- 
tion from these liquors is too costly com- 
pared to the cost by nitrogen fixation 
method. At present ammoniacal liquor 
js more of a problem of disposal than utili- 
zation. 

Chapter 33, ‘“‘Combustion in Fuel 
Beds,” gives a description of comniercial 
stokers and their operation, with a discus- 
sion of the process of combustion. 

Chapter 34, ‘‘The Combustion of Pul- 
yerized Coal,’’ presents a brief history of 
the development of burning coal in pul- 
verized form and discusses some typical in- 
stallations of pulverized coal fired boilers. 

Chapter 35, “Direct Generation of 
Electricity from Coal and Gas (Fuel 
Cells),’’ is a theoretical discussion of the 
possibilities of generating electricity by 
consuming commercial fuel such as coal in 
cells. Commercial success of such a proc- 
ess is not encouraging. 

Chapter 36, “Producers and Producer 
Gas,” is a thorough discussion of the 
theory of gas producer operation supported 
by experimental results. 

Chapter 37, ‘“‘Water Gas,”’ discusses the 
process of making blue gas and carbureted 
blue gas from coke anthracite and bitu- 
minous coals. 

Chapter 38, ‘Hydrogenation of Coal 
and Tar,’’ deals with the process of com- 
bining more hydrogen with the coal sub- 
stance and changing a large part of it into 
liquid fuel. Flow diagrams and descrip- 
tion of commercial plants are included. 

Chapter 39, “Synthesis of Hydrocarbons 
from Water Gas,” deals with producing 
liquid fuel from CO and Hy, obtainable 
from water gas, coke oven gas and even 
blast furnace gas by the use of catalyst. 
Describes the development of these proc- 
esses and the growth of large-scale plants 
in Germany during the last eight years. 

Chapter 40, “‘Methanol Synthesis from 
Water Gas,” deals with the production of 
alcohol from CO and He by the use of 
proper catalysts, of which there are a 
great many in use. Considerable quan- 
tity of methyl-alcohol is produced an- 
nually in this country. 

The two volumes make an excellent 
reference work for those who are engaged 
in coal research, and particularly those 
who are planning coal research experi- 
ments. A study of the chapters related to 
the particular part of the broad subject of 
coal, which they wish to investigate, may 
save much time and expense by learning 
first what has been done along that line. 
The first volume deals mostly with labora- 
tory investigations of the origin of coal, 
the chemical and physical properties of 
the various classes of coal, and how these 
properties may bear on commercial proc- 
esses of coal utilization. The second 
volume contains largely the description of 
types of the commercial apparatus and 
their operation. 

The price of the two volumes is $20. 





According to P. Dunsheath, president 
of the Institution of Electrical Engi- 
neers (Great Britain), new generating 
capacity added to 73 power stations from 
January 1, 1939 to December 31, 1944, 
amounted to 3,896,000 kw along with 
boiler capacity of more than 49 million 
pounds of steam per hour. Total out- 
put in the latter year was 45 per cent 
above that of the former. 
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NEW EQUIPMENT 





Electrical Heat Exchanger 


The Brown Fintube Company has just 
introduced a new heat exchanger that 
employs electrical resistors as the heat 
source. The electrical resistors are en- 
cased inside a length of standard Brown- 
weld fintube. Current density of typical 
resistors now in use is 4 kw per linear foot 
of fintube. The rating on the outside sur- 
face (due to the large ratio of exterior to 
interior area of the fintube) is only about 
8 watts per square inch, thus avoiding 
high skin temperatures that might cause 
carbonization of heat sensitive materials. 


Brownweld fintubes fitted with elec- 
trical resistors are applicable in double 
tube, bayonet, vertical immersion or 
other types of heat exchangers, and permit 
great flexibility as to the size and capacity 
of the equipment. 

Brown Fintube electrical resistor heat 
exchangers are ideally employed when 
steam is not available, when it is desired 


to eliminate the auxiliary piping required 
when steam is used, or to heat the fluid to 
higher temperatures than can be reached 
with steam. 


Combustibles Recorder- 
Controller 


A new automatic analyzer and recorder 
for indicating, recording and controlling 
the combustibles content of a gaseous 
mixture, has been developed by the Bailey 
Meter Company. The analyzer and re- 
corder provide a continuous graphic anal- 
ysis almost instantly, and they are said 
to be responsive to changes of 0.05 per 
cent combustibles. Sustained accuracy 
is said to be within 0.25 per cent. 

A continuous gas sample is mixed with 
compressed air and burned on a catalyst- 
filament which reaches a temperature 
proportional to the combustibles content. 
Since the filament resistance is a function 
of temperature, a simple resistance bridge 
connected to a null-balance electronic re- 
corder completes the installation. It 
may be calibrated in per cent combusti- 
bles, mixture ratio, or other desired terms. 

Pneumatic control or electric alarm 
contacts may be provided on both one 
and two-pen recorders. A two-pen re- 


corder utilizes separate analyzers so that 
the speed is not impaired by switching, 
and the two records are independent of 
each other. 





@ One industrial plant increased its coal-pile depth from 48 to 116 feet, 
and boosted pile capacity from 39,000 to 150,000 tons in limited space. 
Although probably the highest coal pile in the world, fire hazard is actually 


reduced because pressure within the pile minimizes the air content. 


To accomplish this, Beaumont engineers installed an aerial bridle sys- 


tem suspended from three 85‘ towers with the tail block position remotely 


controlled from the operator’s station on the previously installed Beau- 


mont cable drag scraper system. 


Although your coal storage problem may not be as difficult as this one, 


chances are that Beaumont’s 40 years’ experience can save you time, 





requirements. 


DESIGNERS + MANUFAC 


BEAUMONT BIRCH COMPANY 


1506 RACE STREET 


trouble and money in finding the solution. Write outlining your 


PHILADELPHIA, PA. 


RS « ERECTORS OF COAL AND ASH HANDLING SYSTEMS 
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Nitrate Comparator 


W. H. & L. D. Betz and W. A. Taylor 
& Company have jointly developed a 
simple accurate test for the nitrate ion in 
boiler water. The test procedure was 
established in the laboratory of W. H. & 
L. D. Betz and the equipment designed 
by W. A. Taylor & Co. 





The Taylor-Betz Nitrate Comparator 
finds particular application in routine 
plant control of the Nitrate/Hydroxide 
ratio in boiler waters for the prevention 
of embrittlement. The equipment con- 
sists of a comparator base and slide cover- 
ing the range 0 to 100 ppm nitrate in nine 
gradations. An initial supply of reagents 
is furnished with the comparator. The 
accuracy of the method is not affected by 
ions normally present in boiler water. 


Pressure Reducing Regulator 


The new small and compact Grove 
Mity-Mite Regulator weighing less than 
2 lb and measuring roughly 23/, & 31/, in. 
is suitable for handling initial pressures up 
to 3500 lb with adjustable control range 
from 5 to 1500 lb. Special models can be 
supplied for higher initial pressures rang- 
ing up to a maximum of 5000 lb. Al- 





though primarily designed for air and 
gases, including hydrogen, nitrogen, oxy- 
gen, etc., this diminutive yet powerful 
unit can also be furnished for liquid ser- 
vice. Its rugged strength is attributed 
to the homogenous structure of Duralumi- 
num{ from which it is made. Unique 
valve and seat construction was especially 
engineered for positive dead-end shut-off. 
It is instantaneous in its operation. Avail- 
able for !/s- and !/,-in. pipe size this tiny 
unit was originally developed and proved 
in wartime service, where it was exten- 
sively employed in controlling the actuat- 
ing medium on rockets and pack type 
flame throwers. Full details, contained 
in Bulletin 940, are available on request. 
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Temperature Regulator 


The Leslie Company has announced a 
new self-contained internal pilot, piston- 
operated Temperature Regulator for steam 
service. It features Duo-Matic Control 
whereby temperature regulation and pres- 
sure control are obtained simultaneously 
with a single regulator. It is equipped 
with metal diaphragms and has no bellows 
or packing glands. All wearing parts of 
stainless steel and vital parts are hardened 
to 500 Brinell. The new regulator has a 
rugged thermostatic element with 100-deg 
F adjustable range. 

The vapor-filled thermostatic element, 
acting through the upper diaphragm and 
lever, Opposes pressure limit spring and 
determines the steam pressure delivered 
by regulator to heat exchanger. Manual 
compression of the limit spring determines 




























maximum outlet pressure and opens con- 
trolling valve admitting high pressure 
steam from inlet body port to top of piston 
which opens main valve. The outlet 
steam pressure acting under steam dia- 
phragm balances compression of limit 
spring, throttling control valve and limit- 
ing the maximum outlet pressure. 

The temperature at which the vapor 
pressure starts to oppose the limit spring 
and decrease outlet steam pressure is set 
on the adjusting spring. This spring op- 
poses the vapor pressure through the large 
upper diaphragm and, by means of this 
spring, the temperature at which all steam 
to heater will be shut off can be accurately 
set. 


Maintenance Refractory 


Zircoat-M is a zirconium silicate base 
refractory developed by Basic Refrac- 
tories, Inc., which upon application with a 
spray gun sets up rapidly to form a hard, 
dense working surface that will withstand 
high furnace operating temperatures and 
unusual furnace conditions. It is a fine- 
grained material shipped dry in 100-lb 
bags. Zircoat-M is mixed with water for 
spraying and has been extensively used as 
a protective coating on silicon carbide, 
fireclay, sillimanite, mullite, silica and 
other acid type refractories. 





Water Analysis 


A compact, economical but completely 
equipped ‘“‘Testmaster Junior’’ for water 
analysis has been developed by TruTest 
Laboratories, Inc. This new cabinet is 
in effect a simplification of ‘‘Testmaster” 
itself, retaining the parent model’s com- 









































pactness and flexibility as well as its major 
functions. For any plant where hardness, 
alkalinity to P & M and chloride determi- 
nations are adequate for dependable 
water control, ‘“‘Testmaster Junior’’ con- 
tains in one practically arranged cabinet 
complete apparatus and the reagents for 
making these tests. Moreover, these 
tests can be made accurately by any in- 
telligent layman after a very brief period 
of instruction. 

Where it is desired to incorporate wide 
range pH determinations and phosphate 
determinations, ‘‘Testmaster Junior” is 
so designed that the same cabinet, with- 
out modifications, will accommodate the 
TruTest Phosphate Tray and the Tru- 
Test pH Test Unit. Thus, ‘‘Testmaster 
Junior’ is potentially available for all 
normal water control tests except dis- 
solved oxygen in a completely portable 
and equipped unit. 


» 





Manufacturers’ Personnel 


C. J. Bickler has recently been ap- 
pointed manager of sales of Globe Steel 
Tubes Company’s Los Angeles Office. 
For the past three years he has served as 
assistant to the vice president in charge 
of sales at the home office in Milwaukee. 

B. H. Van Dyke has been appointed man- 
ager of the New Products Department of 
the Elliott Company, Jeannette, Pa., hav- 
ing previously served as assistant to the 
director of research and development. 

Yarnall-Waring Company recently an- 
nounced the following personnel changes: 
Joseph Kildare as sales manager, and the 
transfer of Frank W. Miller to the Chicago 
Office as sales engineer; Charles H. Gros- 
jean from sales engineer in the New York 
Office to Detroit, replacing C. N. Max- 
field, who has been appointed California 
district manager; and two new met, 
Jackson Kemper at the New York Office 
and Jack Schuyler at the Los Angeles 
Office. 

De Laval Steam Turbine Company has 
appointed H. H.Barrows and his organiza- 
tion of the Industrial Equipment Com- 
pany, Detroit, as sales representative for 
the Lower Michigan Peninsula, handling 
the IMO Pump and Worm Gear Divi- 
sions. 
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